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ABSTRACT 
Maura Sabatos-DeVito: Investigating the Predictive Value of Infant Attention Behaviors and 
Profiles for Detecting Differences in Self-Regulation and Social and Sensory Responsiveness 
in the Toddler and Early Preschool Years 
(under the direction of J. Steven Reznick) 
 Research shows that individual differences in early attentional skills supported by the 
orienting and executive attention networks of the brain are predictive of later self-regulation 
and social competence in the toddler and preschool years. Furthermore, early deficits in 
attentional orienting and disengagement are predictive of a diagnosis of Autism Spectrum 
Disorder (ASD). The First Year Inventory (FYI) is a parent-report measure of social-
communication and sensory-regulatory behaviors of 12-month-olds designed to assess risk 
for Autism Spectrum Disorder (ASD). Three new constructs measuring features of social and 
sensory attention linked to the orienting and executive attention networks were developed 
from the items on the FYI, and validated on a measure of social responsiveness and 
impairment at 36 months (Stephens, Sabatos-DeVito, & Reznick, in prep). The first goal of 
the current research was to further validate these attention constructs by assessing their 
predictive value for sensory, temperament, and attentional regulation outcomes in a high-FYI 
risk sample at 13-16 months, and a broader ranging FYI risk sample at 30 months. A second 
goal of the current research was to develop attention profiles and assess differences in social, 
sensory, temperament, and attentional outcomes between the attention profiles. Regression 
analyses revealed that, together, the three attention constructs were predictive of individual 
differences in: 1) sensory and temperament outcomes at 13-16 months and 30 months, and 2)
social and attentional regulation outcomes at 30 months. Individual constructs demonstrated 
unique associations with the outcomes, such that responsiveness to social attention at 12 
months was most related to differences in social and attentional outcomes, and attentional 
engagement with the sensory environment was most related to sensory response patterns and 
temperament reactivity patterns. Differences in these outcomes were also noted between 
attention profiles, with the Uniform Risk profile demonstrating the poorest outcomes. 
Together, these findings support the use of these parent-reported, FYI-derived attention 
constructs and profiles for detecting differences in social, sensory, temperament and 
attentional patterns in toddlers and preschoolers. 
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I. INTRODUCTION 
The development of self-regulation begins early in life as a co-regulatory process 
between a caregiver and an infant (Posner & Rothbart, 2009), and is influenced by both early 
patterns of reactivity to novel sensory input (Calkins, Fox, & Marshall, 1996) and the brain’s 
developing orienting attention network (Posner & Rothbart, 2000). According to Rothbart’s 
model of temperament, reactivity refers to both positive (e.g., approach) and negative (e.g., 
aversion, withdrawal) behaviors (i.e., affective, motor and attentional orienting) in response 
to changes in the environment (Rothbart, Sheese, Rueda, & Posner, 2011). Reactivity 
patterns emerge in the first few months of life and include both negative and positive 
features. Self-regulation skills develop considerably between two and five years of age 
(Kopp, 1982), supported by the brain’s emerging and developing executive attention network 
(Rothbart et al., 2011), and are a key component of social competence in the preschool and 
early childhood years (Eisenberg, Fabes, Murphy, Maszk, Smith, & Karbon, 1995). Self-
regulation involves effortful control, or a set of attentional processes (e.g., focusing, shifting) 
and behavioral skills (e.g., inhibiting, activating) that modulate emotional and physiological 
reactivity (Derryberry & Rothbart, 1988; Rothbart & Derryberry, 1981). 
Thus, the development of self-regulation is influenced by both a child’s reactivity 
patterns and his/her behavioral and attentional regulatory strategies (Calkins & Johnson, 
1998; Rothbart & Derryberry, 1981). How do heightened negative reactivity patterns and 
poor attentional skills impact the development of self-regulation? Infants and young children 
diagnosed with a regulatory disorder have difficulties with “behavioral and physiological, 
 
 
 2 
sensory, attentional, motor or affective processes, and in organizing a calm, alert, or 
affectively positive state" (Zero to Three, 1994, p. 30). Early dysregulation predicts social-
emotional (Calkins & Fox, 1994; Eisenberg et al., 2001) and sensory integration (DeGangi, 
DiPietro, Greenspan, & Porges, 1991) difficulties, two domains which are associated with an 
ASD diagnosis. Regulatory disorders also predict delays in motor, language, and cognitive 
development (DeGangi, Breinbauer, Roosevelt, Porges, & Greenspan, 2000) as well as 
global developmental delays (Fox & Porges, 1985). 
As an interventionist working with toddlers identified as at-risk for an Autism 
Spectrum Disorder (ASD), I observed many instances of dysregulated emotions and 
behaviors, heightened affective reactivity, and poor social reciprocity. When a child was in a 
dysregulated state (which was often), it was very difficult to engage the child in joint, 
reciprocal, social interactions and to build new social-communicative learning opportunities. 
For example, one child (Toddler A) generally had a positive affect, and would often initiate 
an activity with a social partner and respond to a social partner’s bids to interact. However, 
when challenged to stay in an activity and take turns, Toddler A often either became slightly 
aggressive or escaped to another room or activity, as if over-aroused and overwhelmed or not 
able to sustain his attention. Although Toddler A would escape activities that required 
sustained interaction, he did not withdraw into himself or turn to self-soothing strategies; 
rather, he would redirect his attention to a novel activity and initiate an interaction with the 
new toy.  
In contrast to Toddler A’s responsive but fleeting attention and generally positive 
affect, two other children (Toddlers B and C) exhibited less responsive and more focused (or 
over-focused) attention on one activity, pattern of play, or feature of a toy, and often failed to 
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invite a social partner into the activity. When challenged to interact or change play behaviors, 
Toddlers B and C would often resist or ignore the social partner, and express negative affect 
by having an emotional meltdown or withdrawing. However, their self-regulatory behaviors 
differed. Toddler B would usually seek out and be soothed by her mothers’ comfort (i.e., co-
regulate), whereas Toddler C would initially escape to another room and self-soothe with a 
pacifier but would allow her mother to initiate attempts to comfort. Both Toddlers B and C 
had more negative affectivity and less social responsiveness compared to Toddler A; 
however, Toddler B was more responsive to social partners than Toddler C, making eye 
contact, sharing affect, and responding to highly animated, expressive bids for interaction 
from a social partner. All three toddlers had different self-regulatory skills, with Toddler C 
frequently engaging in self-soothing behaviors, more often than Toddlers A and B.  
From these experiences, I became curious about how these differences in reactivity 
patterns, regulatory strategies and social interaction skills originate and develop and how 
they are related to and predictive of an ASD diagnosis. In the clinical literature, differences 
in both the reactive and regulatory components of temperament are reported in infants at risk 
for ASD (i.e., “infant siblings”) in the first two years of life. Infant siblings demonstrate 
decreased positive affect at 12 months (Bryson et al., 2007; Zwaigenbaum, Bryson, Rogers, 
Roberts, Brian & Szatmari, 2005) and low attention shifting at 24 months (Garon et al., 
2009). High-risk infant siblings are differentiated from low-risk infants by a pattern of 
temperament that includes low positive affect, poor regulation of negative emotion, and 
attentional control difficulties (Garon et al., 2009). However, little is known about emotion 
regulation strategies of young children with ASD, particularly in the early developing stages 
(see Mazefsky, Pelphrey, & Dahl, 2012; Mazefsky et al., 2013).  
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1.1.  Development of Attention Networks 
An extensive literature search, combined with my clinical observations, suggest that 
the development of self-regulation is supported by increasing control over and integration of 
attentional processes in the first four years of life (Rothbart et al., 2011). Specifically, the 
orienting and executive attention networks (described by Peterson & Posner, 2012; Posner & 
Peterson, 1990) have both unique and overlapping developmental trajectories that establish 
attentional control processes in the first years of life, influencing a child’s ability to regulate 
emotions and behaviors and successfully interact with the social and nonsocial environments. 
Orienting (Posterior) Attention Network: Development and Functions 
The orienting, or posterior, attention network, guides attention to external sensory 
stimuli and enhances the ability to perceive and process external stimuli (Harman & Fox, 
1997; Mundy & Newell, 2007; Peterson & Posner, 2012; Posner & Peterson, 1990). This 
network, which recruits temporal and parietal cortices and the frontal eye fields (Posner & 
Fan, 2008), supports three mechanisms of attentional control: 1) flexible attention 
disengagement; 2) shifting attention; and 3) engaging/processing new information (Harman 
& Fox, 1997; Mundy, Sullivan & Mastergeorge, 2009; Vaughan van Hecke & Mundy, 2007).  
The orienting network supports regulation of negative affect and arousal through 
attentional mechanisms in the first year of life (e.g., Harman, Rothbart, & Posner, 1997). 
Infants generally exhibit less negative emotionality in the latter half of the first year 
compared to the first few months, a shift which occurs in conjunction with decreasing 
obligatory, sticky attention and increasing flexible disengagement and orienting between 3 
and 6 months (Colombo, 2001; Courage, Reynolds, & Richards, 2006; Johnson, Posner, & 
Rothbart, 1991). In other words, in the first few months, when infants are easily over-aroused 
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and prone to more displays of negative affect, they are also becoming more open to 
attentional distraction (Harman & Fox, 1997), a skill that can help reduce and regulate 
negative emotions. For example, when caregivers of 3- and 6-month-olds showed their 
distressed infants a novel object, displays of negative affect decreased (Harman et al., 1997). 
Also, 4-month-olds with more flexible orienting skills are reported to have lower negative 
emotionality and more soothability on a parent-report of temperament (Johnson et al., 1991). 
Thus, attentional shifting is considered an early component of temperamental self-regulation, 
and therefore is included in Rothbart’s measurement of self-regulation (i.e., effortful control) 
(Putnam, Gartstein & Rothbart, 2006). 
Toward the end of the first year, infants are generally less distressed and better able to 
control their attention because the orienting network is more mature and the executive 
network of attention is emerging (Harman & Fox, 1997). For example, older infants, whose 
attentional orienting skills are more flexible and whose voluntary control of attention is 
increasing, more often look to their caregiver when presented with novel stimuli that induce 
arousal and fear (Rothbart, Ziaie, & O’Boyle, 1992). Older infants who are able to disengage 
attention from a distressing stimulus when over-aroused are also reported to exhibit less 
negative affect (Rothbart et al., 1992; Stifter & Braungart, 1995). However, little is known 
about how delayed or compromised development of the orienting network impacts affective 
reactivity and arousal patterns and co-regulation processes. What are the consequences of a 
compromised orienting network for reactivity patterns, self-regulation and social competence 
as the executive network begins to mature in the toddler and preschool years? 
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Executive (Anterior) Attention Network: Development and Functions 
The second year of life marks a transition from an orienting system of attention to an 
executive, or anterior, attention network (Davis, Bruce, & Gunnar, 2002). The executive 
network is responsible for volitional, internal, goal-directed allocation of attention (Banich, 
Milham, Atchley, Cohen, Webb & Wszalek, 2000; Posner, 1995; Posner & Petersen, 1990), 
the ability to monitor and resolve conflict (Botvinick, Braver, Barch, Carter, & Cohen, 2001), 
and increasing sustained attention. Sustained attention, considered an attentional component 
of effortful control (Rothbart, Ellis, Rueda, & Posner, 2003), refers to the ability to maintain 
focus on and actively engage with a stimulus or task (Ruff & Rothbart, 1996). The executive 
attention network has a later emerging and more protracted developmental course than the 
orienting (posterior) network (Mundy & Newell, 2007). 
Whereas in the first year, infants develop flexible attention that is open to distraction, 
in the second year infants gain voluntary control of attention, which promotes the 
development of self-regulation. The executive attention network begins to emerge in the 
latter half of the first year, but develops considerably through the preschool years (Berger, 
Tzur, & Posner, 2006; Kochanska & Knaack, 2003; Rothbart, Derryberry, & Posner, 1994). 
Although sustained attention improves in the first few months of life with the help of the 
brain’s alerting (vigilance) network (the first attentional network to develop in newborns), it 
improves greatly between the toddler and preschool years with development of the prefrontal 
cortex, a component of the executive attention network. The prefrontal cortex promotes both 
focused attention and inhibitory control (Diamond, 2002), two aspects of Rothbart’s effortful 
control measure of self-regulation. In the third year of life, executive attention undergoes 
considerable changes (Posner & Rothbart, 2000): at 24 months, toddlers perseverate on a 
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response (Posner & Rothbart, 2000), but at 30 months children are able to slow down and 
resolve conflict (Gerardi-Caulton, 2000). In the third and fourth years, executive control 
functions improve (e.g., planning, working memory, set shifting, cognitive flexibility, error 
monitoring, and inhibition), each with its own developmental course (see Diamond, 2002 for 
a review).  
The executive attention network is associated with components of reactivity (negative 
emotionality) and regulation (effortful control). Lab-based measures of executive attention 
are associated with a parent-report measure of effortful control, and high effortful control is, 
in turn, related to low negative affect (Rothbart, 2011; Rothbart & Rueda, 2005). Focused 
attention is associated with reactivity patterns, serving as a protective factor against negative 
emotionality (Ruff & Lawson, 1994). For example, toddlers with higher negative 
emotionality have lower sustained attention levels during play tasks (Gaertner, Spinrad, & 
Eisenberg, 2008). Emotion regulation strategies are also associated with sustained attention 
in the toddler and preschool years (Graziano, Calkins & Keane, 2011). For example, two-
year-olds who used active emotion regulation strategies (e.g., help-seeking behaviors) had 
higher levels of sustained attention, whereas those who relied on passive emotion regulation 
strategies (e.g., avoidance behaviors) had lower levels of sustained attention (Graziano et al., 
2011). Thus, the executive network has important reciprocal interactions with features of 
reactivity and self-regulation.  
Orienting and Executive Networks: Independent and Interacting Functions 
The orienting and executive attention networks are connected at the neural level by 
two years of age (Gao, Zhu, Giovanello, Smith, Shen, Gilmore & Lin, 2009), and interact 
over the course of development (e.g., Fan et al., 2009; Harman & Fox, 1997) to influence 
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reactivity and self-regulation. Rothbart and colleagues hypothesize that the orienting network 
dominates emotion regulation in infancy, but in the preschool years, the executive network 
takes over and the orienting network, while still present and active, takes a secondary role in 
self-regulation (Rothbart et al., 2007). Thus, attentional control is achieved when the 
executive network takes over many control functions from the orienting network (Posner & 
Peterson, 1990), selecting targets based on internal meaning and goals, but giving control to 
the orienting network when attention to the external environment is needed (Harman & Fox, 
1997).  
To what extent do compromised orienting and/or executive attention networks in the 
first year of life impact temperamental reactivity and self-regulation patterns, the 
development of attentional regulation (or dysregulation), and social competence (or 
impairment) in the toddler and preschool years? Which features of attention are most 
predictive of reactivity patterns, attentional regulation skills, and social competence? 
Furthermore, which combinations of attentional features in the first year are associated with 
poor versus optimal temperamental affect, attentional self-regulation, and social 
responsiveness in the early preschool years? I will address these questions through this 
dissertation research. 
1.2  The Role of Orienting and Executive Attention Networks in the Development of 
Reactivity, Attentional Self-Regulation, and Social Competence 
 
Joint Attention. The orienting and executive attention networks facilitate the 
development of joint attention behaviors, which develop in the first two years of life. Joint 
attention, which refers to an individual’s ability to coordinate attention with a social partner 
(Mundy, Block, Vaughan van Hecke, Delgado, Parlade & Pomeras, 2007; Mundy & Newell, 
2007), involves both responding to others’ direction of gaze and gestures (response to joint 
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attention; RJA) and using gaze and gesture to direct others’ attention (initiating joint 
attention; IJA).  
A multi-process model of joint attention, proposed by Mundy and colleagues, 
suggests that joint attention behaviors (responding, initiating) reflect distinct processes that 
include both common and unique sources of variance (Mundy & Willoughby, 1996; Mundy, 
Card & Fox, 2000; Mundy & Sigman, 2006; Vaughan van Hecke & Mundy, 2007). 
According to this model, integrated activity of the orienting and executive networks supports 
the overall capacity for joint attention (Mundy & Newell, 2007), but the posterior (orienting) 
network primarily fosters the development of RJA behaviors while the anterior (executive) 
network facilitates IJA development (Mundy & Newell, 2007). This hypothesis is supported 
by joint attention measures demonstrating a low correlation between IJA and RJA in early 
development (Mundy & Gomes, 1998; Mundy et al., 2000; Vaughan van Hecke et al., 2007), 
and dissociable paths of development and impairment in ASD (Mundy, Kasari, Sigman, & 
Ruskin, 1995).  
The unique roles of the orienting and executive attention networks for RJA and IJA 
are further supported by evidence of different developmental trajectories. Joint attention 
behaviors (RJA and IJA) emerge across the first 6 months of life just as orienting skills are 
emerging, and continue to develop through three years of age (Mundy et al., 2007), just as 
executive attention skills do. However, RJA-related behaviors (e.g., gaze following) precede 
IJA-related behaviors (e.g., pointing) in development, with gaze following skills emerging as 
early as 3 months of age (D’Entremont, Hains & Muir, 1997; Hood, Willen, & Driver, 1998). 
RJA is reliably observed between 6 and 10 months of age (Morales, Mundy, & Rojas, 1998), 
is relatively stable between 6 and 24 months (Morales et al., 2000), and increases more 
 
 
 10 
steeply than IJA skills between 9 and 15 months (Carpenter et al., 1998; Mundy et al., 2007). 
Individual differences in RJA and IJA are evident as early as 8 to 9 months (Mundy et al., 
2007; Venezia, Messinger, Thorpe & Mundy, 2004) but continue to develop in the toddler 
and preschool years (MacDonald et al., 2006). This pattern of RJA development early in the 
first year of life aligns with the developmental course of orienting mechanisms. 
Mundy and colleagues hypothesize that joint attention and self-regulatory skills are 
associated through attentional control and deployment of attention (Mundy & Burnette, 2005; 
Mundy & Sigman, 2006). The multi-process model is supported by research demonstrating 
the unique predictive capabilities of RJA and IJA. RJA is predictive of attention-related self-
regulation strategies of toddlers (Morales, Mundy, Crowson, Neal, & Delgado, 2005) and 
preschoolers (Vaughan Van Hecke et al., 2007; Vaughan van Hecke et al., 2012), whereas 
IJA is associated with response inhibition (i.e., the ability to inhibit a prepotent response) 
(Dawson et al., 2002; Nichols, Fox, & Mundy, 2005). For example, toddlers with better RJA 
at 6 months and 12 months use more active, attention-based regulation strategies during 
delay of gratification tasks at 24 months (Morales et al., 2005) and 36 months of age 
(Vaughan van Hecke et al., 2012). These unique behavioral findings are supported by 
neuroanatomical evidence that RJA is regulated by temporal and parietal systems involved in 
attention disengagement and orienting, as well as monitoring others’ behavior (Kingstone, 
Friesen, & Gazzaniga, 2000; Mundy et al., 2000; Puce, Allison, Bentin, Gore, & McCarthy, 
1998; Vaughan Van Hecke & Mundy, 2007).  
Individual differences in initiating joint attention behaviors (e.g., pointing, showing) 
also predict differences in social competence in typical (Vaughan van Hecke et al., 2007) and 
atypical populations (Lord, Floody, Anderson, & Pickles, 2003; Sigman & Ruskin, 1999). 
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Twelve-month-olds who showed more IJA behaviors had greater parent-reported social 
competence at 30 months. Better preschool IJA, but not RJA, skills also predict the tendency 
to initiate social interactions in children with autism (Sigman & Ruskin, 1999). IJA may be a 
unique predictor of social competence because it requires self-initiating, social-emotional 
approach behaviors, whereas RJA is a responsive measure (Mundy & Sigman, 2006). Mundy 
and colleagues hypothesize that IJA behaviors (e.g., pointing, showing) reflect social-
motivation factors in social interactions more so than the responsive behaviors of RJA 
(Kasari, Sigman, Mundy & Yirmiya, 1990; Mundy, Kasari, & Sigman, 1992; Venezia et al., 
2004).  
In sum, joint attention behaviors, supported by orienting and executive attention 
processes that emerge in the first two years of life, are predictive of self-regulation (Morales 
et al., 2005; Vaughan van Hecke et al., 2012) and social competence (Vaughan van Hecke et 
al., 2007) in the second and third years of life and are associated with positive and negative 
affect and reactivity, an important component of self-regulation (Mundy et al., 1992; 
Vaughan et al., 2003). Furthermore, deficits in RJA and IJA are commonly observed in 
individuals with ASD (Mundy et al., 1992). Thus, joint attention is an important candidate 
measure of early attentional features that can potentially tap the integrity of the underlying 
orienting and executive attention networks at 12 months and predict individual differences in 
later temperamental reactivity, attentional self-regulation and social competence, as well as 
risk for ASD. Importantly, the above-mentioned research suggests that an attention profile of 
12-month-olds should measure responding and initiating behaviors of joint attention 
separately. Responding and initiating skills have different trajectories of development, are 
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supported by different attention networks, and predict unique aspects of self-regulation and 
social competence.  
Over-focused Attention and Sensory Response Patterns. The above research suggests 
that deficits in joint attention originate from disrupted mechanisms of the orienting and/or 
executive networks early in development. Although some evidence suggests that preschoolers 
with ASD do not have executive network deficits (Dawson et al., 2002; Griffith et al., 1999; 
Yerys et al., 2007), orienting network deficits as early as the first year of life are well 
documented and continue through early childhood. Infants and children with ASD exhibit 
deficits in two orienting network mechanisms: disengagement and shifting. Disengagement 
deficits are evident in infant siblings of children with ASD (Elsabbagh et al., 2009) and 
young children diagnosed with ASD (Landry & Bryson, 2004). At 12 months, longer visual 
disengagement latencies of infant siblings is predictive of an ASD diagnosis (Sacrey, Bryson, 
& Zwaigenbaum, 2013; Zwaigenbaum et al., 2005), and these longer disengagement 
latencies during play with objects are evident between 12 and 24 months (Sacrey et al., 
2013). Infants with ASD also show less attention shifting during free play (Swettenham et 
al., 1998) and less orienting to visual and auditory social stimuli (Maestro et al., 2002; 
Osterling & Dawson, 1994; Osterling, Dawson & Munson, 2002). Children with ASD also 
fail to orient as frequently to social and nonsocial stimuli compared to typical and 
developmentally delayed peers (Dawson, Meltzoff, Osterling, Rinaldi & Brown, 1998; 
Dawson et al., 2004). 
What other behavioral and attentional patterns (besides joint attention deficits) may 
result from early orienting network deficits (i.e., failure to disengage, slower shifting of 
attention)? If a young child is failing to orient to salient sensory input, where is his or her 
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attention? Research on attention in children with ASD and my clinical experiences suggest 
that children with ASD often become very focused on and overly engaged in repetitive and 
sensory seeking behaviors with toys, objects and features of the sensory environment. Is it 
possible that an orienting network deficit early in development, and perhaps an emerging 
executive attention network deficit, contribute to a pattern of over-focused, sensory-focused 
attention, and pose an elevated risk for heightened negative reactivity, poor attentional self-
regulation and social impairment in the toddler and preschool years?  
In my clinical experience, I have certainly observed children at risk for and diagnosed 
with ASD who become attentionally stuck on and overly engaged with a toy, object, or 
pattern of behavior. Such perseverative over-focusing makes it very difficult to enter into the 
child’s play and create a joint activity. Often, I would use a strategy of face-to-face play 
without toys so as to build social reciprocity without the competing presence of a toy. As 
described earlier, Toddlers B and C often perseverated on patterns of play or features of toys, 
making it difficult to interact in social, flexible manner. It is possible that these behaviors 
indicated an underlying orienting and/or executive network deficit.  
Research suggests that over-focused attention in ASD is prevalent and is associated 
with poor self-regulation and high reactivity (Liss, Saulnier, Fein, & Kinsbourne, 2006). In 
one study, almost half of a sample of school-aged children with ASD had an over-focused 
pattern of attention that was also associated with sensory over-reactivity, perseverative 
behaviors and interests, and exceptional memory (Liss et al., 2006). This pattern of behavior 
suggests that over-focused attention is associated with dysregulation, perhaps expressed as 
maladaptive sensory features and repetitive behaviors. Researchers hypothesize that young 
children with regulatory disorders engage in maladaptive behavior and affective patterns 
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(e.g., tactile hypersensitivity, irritability) in an effort to accommodate dysregulation (Gomez, 
Baird, & Jung, 2004). Although focused attention is generally considered a positive feature 
of attentional control supported by the executive network, it is possible that orienting 
network deficits lead to over-focused attention. If optimal focused attention is associated 
with reduced negative emotionality (Gaertner et al., 2008) and emotion regulation (Graziano 
et al., 2011), is it possible that over-focused attention is associated with increased negative 
reactivity? 
 Behavioral responses and reactivity to novelty in ASD are referred to as sensory 
response patterns. Three primary sensory response patterns, which often co-occur (Baranek, 
David, Poe, Stone & Watson, 2006; Ben-Sasson, Cermak, Orsmond, Tager-Flusberg, Kadlec 
& Carter, 2008; Liss et al., 2006), have been reported in ASD: 1) hyporesponsiveness, which 
refers to failed or delayed responses to sensory stimuli (e.g., failure to orient to one’s name 
being called) (Baranek, Watson, Boyd, Poe, David & McGuire, 2013; Ben-Sasson et al. 
2007); 2) hyperresponsiveness, which refers to exaggerated or avoidant responses to sensory 
input (e.g., covering ears in response to auditory input) (Baranek, Boyd, Poe, David & 
Watson, 2007; Ben-Sasson, Hen, Fluss, Cermak, Engel-Yeger & Gal, 2009; Schoen, Miller 
& Green, 2008); and 3) sensory seeking, which refers to intense sensory interests, cravings or 
repetitions (e.g., staring at lights, smelling objects) (e.g., Ben-Sasson et al., 2007; Liss et al., 
2006).  
 Very little is understood about the association between sensory response patterns and 
the development of the attentional orienting and executive networks in ASD. However, one 
study found that hyporesponsiveness to social and nonsocial stimuli was linked to poorer 
joint attention in children with ASD (Baranek et al., 2013), suggesting a possible link to the 
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orienting network. Further, little is known about the association of sensory response patterns 
with features of temperamental reactivity and regulation. One study explored the association 
of sensory response patterns with features of temperament in ASD and found that 
hyporesponsiveness was correlated with low distractibility and slowness to adapt (Brock, 
Freuler, Baranek, Watson, & Sabatino, 2012), perhaps indicating a link to over-focused 
attention and an underlying disengagement deficit. Furthermore, increased sensory features 
in general were associated with greater withdrawal and more negative affect in ASD (Brock 
et al., 2012), indicating a link between sensory features and negative affectivity, a feature of 
temperament that interacts with the development of self-regulation. Another study of 
typically-developing, school-aged children (Ben-Sasson, Carter, & Briggs-Gowan, 2009; 
Ben-Sasson et al., 2009) demonstrated that sensory overresponsivity (i.e., 
hyperresponsiveness) is associated with emotional problems, dysregulation, and social 
difficulties.  Together, these studies suggest that certain behavioral patterns characteristic of 
ASD may be associated with deficits of the orienting network, including joint attention 
deficits (Mundy & Jarrold, 2010; Mundy, Sigman, & Kasari, 1994), over-focused attention 
(Liss et al., 2006), and sensory response patterns (Baranek et al., 2006).  
 Summary. The research that I have described highlights the important role of the 
orienting and executive networks of attention in the development of joint attention, over-
focused attention and sensory response patterns in the first three years of life, all behaviors 
that may impact temperamental reactivity, attentional self-regulation and social competence 
in toddlerhood and the preschool years. Therefore, the goal of my dissertation is to explore 
the extent to which orienting and executive attentional differences in the first year of life as 
measured by joint attention and over-focused/sensory-focused attention are associated with 
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and predictive of differences in temperamental reactivity, attentional self-regulation, sensory 
responsiveness and social responsiveness/impairment.  
1.3  Attention Constructs Derived from the FYI 
To investigate these curiosities, I first needed to identify a measure that could tap 
these features of attention that are supported by the orienting and executive networks and 
could predict differences in reactivity, attentional regulation, and social competence. The 
First Year Inventory (FYI; Baranek, Watson, Crais, & Reznick, 2003), a caregiver-report 
developed to identify 12-month old infants at risk for a diagnosis of ASD (Reznick, Baranek, 
Reavis, Watson, & Crais, 2007), was identified as a viable tool to address my research 
interests. Items in the FYI were created based on research evidence of early behavioral risk 
markers of ASD in the social-communication and sensory-regulatory domains. Thus, the 
items, although selected and scored to identify atypical behaviors, represent both typical and 
atypical features of development in the first year. For example, the item “Does your baby 
turn to look at you when you call your baby’s name?” was selected because one of the 
earliest and most reliable social behavioral risk markers for ASD is a lack of orienting to 
one’s name (Osterling & Dawson, 1994; Osterling et al., 2002; Werner, Dawson, Osterling, 
& Dinno, 2000). However, this item is also relevant to tapping information about individual 
differences in social attentional orienting skills across all 12-month-olds.  
Using theory, research, expert knowledge, and statistical analyses of data from two 
community-based samples with FYI data at 12 months, Stephens, Sabatos-DeVito, & 
Reznick (in prep) defined, developed, and validated three attention constructs using items 
from the FYI. A dimensional scoring approach, rather than the original risk-scoring approach 
of the FYI (Reznick et al., 2007), was used for the attention constructs to best capture a range 
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of skills across a community sample. Items in the constructs were scored from 1 (never) to 4 
(always), with higher scores representing poor attentional skills at 12 months. Statistical 
analyses were conducted to determine the constructs’ internal consistency. 
The three attention constructs, reflecting features of social and sensory attention in 
the first year of life, include: 1) response to attention coordination (RAC, 14 items, α = .729, 
M = 1.38, SD = 0.27, Range = 1.0-3.667); 2) initiating attention coordination (IAC, 8 items, 
α = .747, M = 1.62, SD = 0.46, Range = 1.0-4.0); and 3) sensory attentional engagement 
(SAE, 12 items, α = .786, M = 1.81, SD = 0.47, Range = 1.0-3.83). Broadly, the first two 
constructs (RAC, IAC) tap the responding and initiating aspects of social attention 
coordination, whereas the third construct (SAE) taps infants’ style of attentional focus on and 
engagement with objects and sensory features of objects and their own bodies. Operational 
definitions, as well as a list of included items, for each construct are available in Appendices 
1 and 2. A complete list of FYI items, with risk-scoring and dimensional scoring approaches 
is also available in the Appendix 3. 
 The development of these attention constructs was inspired by research on the role of 
the orienting and executive attention networks in joint attention (e.g., Henderson, Yoder, 
Yale & McDuffie, 2002; Mundy et al., 2000; Mundy & Newell, 2007) and the development 
of focused attention (e.g., Ruff & Cappozzoli, 2003; Ruff & Lawson, 1990; Ruff, Lawson, 
Parrinello, & Weissberg, 1990). Research demonstrating orienting network deficits in ASD 
was also considered, including findings of delayed attentional disengagement (Zwaigenbaum 
et al., 2005; Elsabbagh et al., 2009), poor social orienting (Dawson et al., 2004), and joint 
attention deficits (Mundy & Newell, 2007) in ASD. Research showing behavioral patterns in 
ASD that may be associated with orienting and/or executive attention deficits were also 
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considered, including aberrant sensory response patterns (Baranek et al., 2006; Baranek et 
al., 2013), repetitive/perseverative behaviors (Boyd, McBee, Holtzclaw, Baranek & Bodfish, 
2009; Boyd et al., 2010), and over-focused attention (Liss et al., 2006). Finally, research on 
the impact of joint attention and focused attention on features of temperamental reactivity, 
attentional self-regulation, and social competence were considered. For example, initiating 
joint attention skills play a role in the development of social responsiveness (Vaughan van 
Hecke et al., 2007) and social impairment (Lord et al., 2003; Sigman & Ruskin, 1999), 
whereas responding joint attention behaviors are predictive of emotion regulation strategies 
in the preschool years (Vaughan Van Hecke et al., 2012).  
These attention constructs have the potential to offer unique insights into individual 
differences in the outcomes of interest, as well as capture a more fine-grained picture of the 
attentional strengths and weaknesses of those at risk for ASD.  Correlational analyses of the 
new attention constructs, conducted by Stephens et al. (in prep), demonstrate that, although 
statistically significantly related to the original FYI risk domains, all correlations are 
primarily in the low to moderate range. See Appendix 4 for correlation coefficients. 
Importantly, RAC was significantly correlated with both the Social-Communication and 
Sensory-Regulatory FYI domains, whereas IAC was only significantly related to the Social-
Communication domain and SAE was only significantly related to the FYI Sensory-
Regulatory domain. These relations suggests that RAC may predict later social, sensory and 
temperament outcomes, whereas IAC may predict social outcomes only, and SAE may 
predict sensory and temperament reactivity outcomes. These hypotheses were not tested 
along with construct development as described by Stephens et al. (in prep), and thus are a 
goal of Study 1.  
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Stephens et al. (in prep) tested the predictive utility of the three constructs on social 
responsiveness/impairment outcomes (Social Responsiveness Scale-Preschool Version, SRS-
P; Pine, Luby, Abbacchi, & Constantino, 2006) at 36 months. Multiple linear regressions 
with all three attention constructs were applied to the SRS-P total raw scores both with 
(N=732) and without (N=729) outliers, with comparable results. The new attention constructs 
significantly predicted social responsiveness/impairment at 36 months (F (2, 726)=49.36, 
p<0.0001), accounting for 16.96% of the variance in SRS-P total raw scores (Stephens et al., 
in prep).  Furthermore, all three 12-month-old attention constructs were significantly, 
positively associated with SRS-P total raw scores at 36 months old. Thus, higher social 
attention coordination scores (i.e., poorer responding to and initiating of social attention bids) 
and higher sensory attentional engagement scores (i.e., more over-focused sensory attentional 
engagement) at 12 months are predictive of higher social responsiveness/impairment scores 
(i.e., poorer social responsiveness) at 36 months of age.  
It would be interesting to explore which combinations of attention constructs 
represent attention profiles that are at greater or lesser risk for social impairment. Thus, a 
second goal of this research is to explore which attention profiles (i.e., combinations of 
attention constructs) may lead to elevated levels of ASD-associated symptoms, including 
social impairment, negative affectivity, atypical sensory features and over-focused attention. 
Although deficits in both the social-communication and sensory-regulatory domains are 
required for an ASD diagnosis, little is known about how the two domains interact and are 
associated with outcomes such as temperamental reactivity, attentional self-regulation, and 
sensory and social responsiveness. These three attention constructs offer the opportunity to 
understand the extent to which different combinations of strengths and weaknesses among 
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the three attentional features predict better or worse outcomes. For example, is a child who 
has poor attentional responding (RAC) and over-focused attention (SAE) at 12 months more 
likely to have elevated negative reactivity and poor attentional self-regulation than a child 
who also has over-focused attention (SAE), but good attentional responding (RAC)? 
Although both Toddlers B and C seemed to have over-focused attention, they had slightly 
different joint attention capacities, which possibly influenced the success of some strategies 
over others. For example, Toddler B, who had slightly better responding to joint attention 
behaviors, could be brought into more interactive play through very silly and highly 
animated, exaggerated facial expressions and play actions. In contrast, Toddler C, who 
seemed to have much poorer responding to joint attention behaviors, required very physical, 
sensation enhancing play to become more affectively and socially interactive. Study 1 will 
address the goal of using attention profiles developed from the attention constructs to 
determine group differences in later outcomes.  
1.4  Overview of Studies 1 and 2 Goals and Participants 
The overall aims of Studies 1 and 2 are to address the following two research 
questions: 1) To what extent do features of attention at 12 months relate to and predict later 
functioning in social, sensory, temperament, and attention domains?, and 2) Are there 
significantly different outcomes in social, sensory, temperament, and attention domains for 
groups with different attention profiles? 
Several steps were taken to address these research questions, including 1) developing 
profiles of attention from previously developed attention constructs derived from the First 
Year Inventory (Study 1), 2) exploring associations and predictive ability of attention 
constructs with later individual differences in sensory and temperament outcomes as 
 
 
 21 
measured by well-validated questionnaires from an existing dataset (Study 1, Risk Cohort, 
13-16 months), 3) determining the utility of attention profiles for detecting group differences 
on social responsiveness/impairment outcomes (Study 1, Norm Cohort, 36 months) and 
sensory and temperament outcomes (Study 1, Risk Cohort, 13-16 months), and 4) assessing 
individual and group differences in parent-reported social responsiveness/impairment, 
sensory, temperament, and attention regulation skills in a normative sample at 30 months 
(Study 2). 
Parents were initially recruited from the community and asked to complete the First 
Year Inventory. This Complete FYI Cohort (N=9,582) is comprised of two separate samples, 
the Normative FYI Cohort (N = 1,305) and the Early Development Project-2 (EDP-2) FYI 
Cohort (N = 8,277). The Normative FYI Cohort includes 12-month-olds from 6 counties 
surrounding Chapel Hill, NC whose data were used to develop the original risk scoring 
algorithm for the FYI (for details, see Reznick et al., 2007), and who were subsequently 
followed at several time points up to eight years of age. The EDP-2 FYI Cohort includes 12-
month-olds within a 9-county radius of Chapel Hill with FYI data. Those who met criteria for 
risk on both domains of the FYI were invited to participate in a randomized clinical trial and 
were randomized to either an intervention or a control group following baseline assessments 
at 13-16 months. Combining these two community-based samples resulted in a total sample 
of 9,582 participants with FYI data at 12 months (i.e., Complete FYI Cohort). This Complete 
FYI Cohort (N=9,582) was used to develop the attention constructs (Stephens et al., in prep), 
and to determine cut-off scoring criteria for the attention profiles (Study 1).  
Study 1 then made further use of existing caregiver-report data from two sub-
samples, one from the EDP-2 FYI Cohort and one from the Normative FYI Cohort. The goal 
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was to further determine the predictive validity of the attention constructs for sensory and 
temperament outcomes in a high-FYI-risk sample (Study 1 Risk Cohort), and to explore 
group differences among attention profiles on well-validated measures of social 
responsiveness/impairment at 36 months (Study 1 Norm Cohort), and sensory responsiveness 
and temperament at 13-16 months (Study 1 Risk Cohort).  
Study 2 involved recruiting parents of children from the EDP-2 FYI Cohort. These 
children did not meet the dual-domain high-FYI risk criteria at 12 months (i.e., they were not 
part of the Study 1 Risk Cohort analyses), and thus had not yet been re-contacted for follow-
up assessments. Parents of the Study 2 Cohort were contacted between April and September 
2014 and asked to complete on-line questionnaires measuring their child’s social 
responsiveness/impairment, sensory responsiveness, temperament, and attention regulation at 
30 months.  
Due to the relatively small sample sizes of each cohort in both studies, several steps 
were taken to identify outliers, and explore the impact of outliers on all results. For 
regression analyses, influence indicators and scatterplots were evaluated to detect, identify, 
and remove outliers from each outcome. For ANOVAs and t-tests, boxplots were evaluated 
to detect, identify and remove outliers. Analyses were run with and without outliers, and 
results were compared. For cases in which removal of outliers did not impact the statistical 
significance of results, the full model’s results are reported. For cases in which removal of 
outliers did impact the statistical significance of results, the model’s results with and without 
outliers are reported and discussed. 
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II. STUDY 1: DEVELOPING ATTENTION PROFILES FROM THE FYI AND 
VALIDATING ATTENTION CONSTRUCTS AND PROFILES WITH EXISTING 
DATA 
 
Stephens et al. (in prep) demonstrated that measures of social and sensory attention at 
12 months have predictive value for understanding individual differences in social 
responsiveness/impairment outcomes in the early preschool years. Understanding how these 
features of attention predict other outcomes (e.g., sensory responsiveness, temperament) may 
inform efforts to identify individual differences in reactivity and self-regulation, two 
important predictors of social competence in the preschool years. These attention constructs 
also have the potential to be combined to represent attention profiles that can be tested for 
differences in social, sensory, and temperament outcomes. Understanding differences in 
outcomes for groups with different profiles of attention at 12 months (i.e., combinations of 
features of attention that are more or less ideal) may help identify children at greater risk for 
self-regulation difficulties, and ASD-related social and sensory impairments. This 
information could be used to develop intervention strategies tailored to specific attention 
subgroups. 
 Study 1 addresses three research questions: 1) What scoring criteria are best suited to 
establishing attention profiles from the three attention constructs developed from the FYI 
(Stephens et al., in prep) (Aim 1); 2) To what extent do social attention coordination skills 
(responding: RAC; initiating: IAC) and sensory attentional engagement (over-focused 
attention: SAE) at 12 months predict individual differences in sensory responsiveness and 
temperamental reactivity and self-regulation? (Aim 2); and 3) Do toddlers with unique 
attention profiles at 12 months differ in social responsiveness/impairment, sensory 
responsiveness, and temperamental reactivity and self-regulation? (Aim 3). 
 
 
 24 
  The Complete FYI Cohort used by Stephens et al. (in prep) was used to address Aim 
1. Existing parent-report data from two sub-samples of the Complete FYI Cohort were used 
to achieve Aims 2 and 3, including: 1) a community-based, normative FYI cohort with social 
responsiveness outcomes at 36 months of age (Study 1 Norm), and 2) a community-based, 
high-FYI risk cohort with sensory responsiveness and temperament outcomes gathered 
between 13 and 16 months of age (Study 1 Risk).  
2.1 Aim 1: Establishing Attention Profiles from the FYI 
 The first aim of Study 1 was to develop attention profiles from the FYI-derived 
attention constructs. Scoring criteria were selected for each construct to represent the best 
and worst attentional skills, as well as mixed profiles of attention, at 12 months. 
2.1.1 Methods 
Participants. As in Stephens et al. (in prep), FYI data from participants from the 
Complete FYI Cohort (N=9,582) was used to develop scoring criteria for and definitions of 
attention profiles. This cohort represents two community-based samples of 12-month-olds 
from counties surrounding Chapel Hill, N.C., who were identified through two different, 
existing research projects.  
 Scoring criteria for each attention profile were then applied to two sub-samples of the 
Complete FYI Cohort. Analyses were conducted on these two sub-samples to confirm that 
group differences were only evident between groups with non-shared attention constructs. 
For example, groups defined as having RAC and IAC means above the 70
th
 percentile cut-off 
values (e.g., Uniform Risk and Poor Social Attention Coordination) should have the same 
RAC and IAC means; these two groups have different SAE criteria, and therefore should 
only have different SAE means. 
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The first sub-sample (Study 1 Norm Cohort) was extracted from a set of children from 
the Normative FYI Cohort (N = 1,305) who had a variety of follow-up measures at 2, 3, 5 
and 8 years (for details, see Turner-Brown et al., 2012). All participants with an existing 
caregiver-report measure of social responsiveness/impairment at 36 months were identified 
(N=732), and the scoring criteria were applied to determine and test attention profiles.  
The second sub-sample (Study 1 Risk Cohort), derived from the EDP-2 FYI Cohort 
(N = 8,277), included 96 toddlers (Mean Age=13.8 months, Range=13-16 months) who met 
FYI risk cut-off criteria on both the social-communication and sensory-regulatory domains. 
The scoring criteria for attention profiles were also applied to this sample.  
Measures. The First Year Inventory (FYI; Baranek et al., 2003) is a caregiver-report 
measure of 12-month-olds’ behaviors associated with risk for ASD. The questionnaire 
consists of 63 questions that represent two ASD-relevant domains of behavior: social-
communication and sensory-regulatory. Both domains are comprised of four constructs. Of 
the 63 questions, 46 items are rated on a 4-point scale (never, seldom, sometimes, often), 14 
items are rated on a multiple choice scale with 3 or 4 choices, one item asks caregivers to 
report consonant sounds produced by their child, and two questions are open-ended, 
inquiring about parental concerns and physical/medical characteristics of the child. Risk 
scores are available for the following outcomes: social-communication, sensory-regulatory, 
total risk, and risk percentile. Stephens et al.’s (in prep) dimensional scoring approach and 
three attention constructs (RAC, IAC, SAE) were used for all regression and group 
differences analyses in Studies 1 and 2. 
Procedures. First, the distribution of mean scores for each FYI-derived attention 
construct was generated and plotted for the Complete FYI Cohort (N=9,582). Scores at the 
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10
th
, 20
th
, and 30
th
 percentiles and 70
th
, 80
th
, and 90
th
 percentiles were identified for each 
construct to represent cut-off values for the “best” and “worst” scores, respectively. Scores at 
the 50
th
 percentile of each constructs’ distribution of means were also identified. Item scores 
ranged from 1 to 4, with ‘1’ representing the best functioning and ‘4’ representing the poorest 
functioning on the behavior in question. Thus, on any of the three constructs, “good” scores 
are closer to means of “1” and “poor” scores are closer to means of “4”. 
Two scoring criteria were identified, a restricted (30/70) approach and an expanded 
(30/50/70) approach (see Results for a detailed description of both approaches). Both scoring 
approaches were then applied to the Complete FYI Cohort, as well as the smaller sub-
samples (Study 1 Norm Cohort and Study 1 Risk Cohort). This step informed which scoring 
criteria would be most successful for analyzing additional, longitudinal data and detecting 
group differences in later outcomes. All attention profiles were defined (see Table 1.x). 
Outcomes (FYI risk domains and attention constructs) were then tested for differences 
between attention profiles for the Study 1 Norm and Risk Cohorts (see Results). FYI risk 
outcomes included social-communication risk, sensory-regulatory risk, total risk, and risk 
percentile, with higher scores representing greater risk. Attention constructs were measured 
as means of scores for the three constructs, RAC, IAC, and SAE, with higher scores 
representing poorer functioning.  
2.1.2  Results 
Two scoring approaches were identified, defined, and compared: restricted (30/70) 
and expanded (30/50/70). For the restricted (30/70) approach, “good” performance on a 
construct was defined as a mean score less than or equal to the 30
th
 percentile cut-off values 
for each construct, and “poor” performance on a construct was defined as a mean score 
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greater than or equal to the 70
th
 percentile cut-off value for each construct. For example, the 
“Poor Social Attention Coordination” profile is defined as those who have poor responding 
to and initiating of social attention coordination bids (poor RAC+IAC) AND good sensory 
attentional engagement (good SAE). Thus, to be characterized in the “Poor Social Attention 
Coordination” profile, an individual would need scores at or above the 70th percentile cut-off 
values for both RAC and IAC, and a score at or below the 30
th
 percentile cut-off value for 
SAE.   
The expanded (30/50/70) approach also used the 70
th
 percentile cut-off values to 
represent “poor” functioning for an attention construct. However, the requirement for “good” 
functioning for an attention construct for mixed profiles was expanded to include participants 
with mean scores at or below the 50
th
 percentile cut-off value (rather than the 30
th
 percentile 
cut-off values) on a construct. For example, under these criteria, “Poor Social Attention 
Coordination” is still defined as having poor responding and initiating social attention skills 
(RAC and IAC at or above 70
th
 percentile cut-off values), but “good” sensory attentional 
engagement (SAE) is defined as a score at or below the 50
th
 percentile cut-off value. In this 
expanded approach, the 30
th
 percentile cut-off values were only used for one attention 
profile, the Uniform Control group, which represents a group that is “good” at responding, 
initiating, and sensory attentional engagement (i.e., scores at or below the 30
th
 percentile cut-
off values for RAC, IAC and SAE). This group was formed so as to directly compare later 
outcomes to a group that is “bad” at all three constructs, Uniform Risk (i.e., scores at or 
above the 70
th
 percentile cut-off values for each construct). The exact cut-off values 
(30/50/70
th
 percentiles) for each construct depended on that construct’s distribution of means 
from the Complete FYI Cohort. For a complete list of all cut-off values for RAC, IAC and 
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SAE, see Table 1.1. For a graphical representation of the cut-off criteria applied to the 
distributions of mean scores for each construct, see Figures 1.1 (RAC), 1.2 (IAC), and 1.3 
(SAE). 
When the cut-off values for the restricted and expanded scoring approaches were 
applied to the three separate samples with FYI scores, it became evident that the expanded 
(30/50/70) approach would be best to use. This approach captures more individuals in each 
of the mixed attention profiles, and reduces the number of participants who fail to be 
characterized by any of the attention profiles (see Table 1.2). For example, using the 
expanded (30/50/70) scoring approach, 131 additional participants were captured across the 
eight attention profiles in the Study 1 Norm Cohort, and 15 additional participants were 
categorized in profiles with the Study 1 Risk Cohort (see Table 1.2).  
Eight attention profiles were identified and defined: Uniform Risk (RAC+IAC+SAE 
scores at or above the 70
th
 percentile cut-off values), Uniform Control (RAC+IAC+SAE 
scores at or below the 30
th
 percentile cut-off values); three groups characterized as poor at 
just one construct (RAC only; IAC only; SAE only, with scores at or above the 70
th
 
percentile cut-off value for the “poor” construct and scores at or below the 50th percentile for 
the other two constructs); and three groups characterized as poor at two constructs 
(RAC+IAC; RAC+SAE; IAC+SAE, with mean scores at or above the 70
th
 percentile on two 
constructs, and a mean score at or below the 50
th
 percentile for the remaining construct). See 
Table 1.3, for a description of each profile. 
Group Differences in FYI Risk Domains and Attention Constructs. Once the attention 
profiles were defined and applied to the samples, group differences analyses were conducted 
to confirm that groups with shared attention constructs did not differ in their means for those 
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constructs (e.g., Uniform Risk and Poor Social Attention Coordination groups are both 
defined as having RAC and IAC mean scores above the 70
th
 percentile cut-off value, and 
thus should not differ on RAC and IAC means, but should differ on SAE means). FYI risk 
and attention construct outcomes were tested with a series of one-way ANOVAs between all 
eight attention profiles for the Study 1 Norm Cohort (see Table 1.4 for all means and 
contrasts). Separate t-tests were conducted to compare two attention profiles of the Study 1 
Risk Cohort on the FYI risk and attention construct outcomes (see Table 1.5 for all means 
and contrasts). 
 Study 1 Norm Cohort. Two groups (Uniform Risk and Poor Social Attention 
Coordination), groups that share poor RAC and poor IAC criteria (i.e., scores at or above the 
70
th
 percentile cut-off values), did not significantly differ on either their RAC or IAC means. 
These two groups share RAC cut-off criteria with two other attention profiles (RAC only; 
RAC+SAE); here, significant differences in RAC means were detected, such that the 
Uniform Risk and Poor Social Attention Coordination profiles had significantly greater RAC 
means than the RAC only and RAC+SAE groups. The Uniform Risk and Poor Social 
Attention Coordination (RAC+IAC) groups also share IAC cut-off criteria with two groups 
(IAC only; IAC+SAE). When comparing these groups on IAC means, Uniform Risk and 
Poor Social Attention Coordination had significantly greater IAC means compared to IAC 
only and IAC+SAE. Finally, groups that share SAE cut-off criteria include Uniform Risk, 
RAC+SAE, IAC+SAE, and SAE only. Analyses confirmed that there were no significant 
differences in SAE means among these four groups.  
 In terms of FYI risk outcomes, groups with RAC and IAC in their attention profile 
(Uniform Risk, Poor Social Attention Coordination) were expected to have significantly 
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greater FYI social-communication risk scores than groups without RAC and IAC in their 
profiles (e.g., SAE only, Control). Indeed, analyses confirmed that the Uniform Risk and 
Poor Social Attention Coordination profiles had the highest FYI social-communication risk 
scores, significantly higher than all other attention profiles, even those with a deficit in just 
one feature of social attention (i.e., either RAC or IAC above the 70
th
 percentile cut-off 
value). These two groups also had significantly greater FYI total risk and risk percentiles 
compared to all other groups. One other group, Poor Attentional Flexibility (RAC+SAE 
above the 70
th
 percentile cut-off values), had significantly greater FYI total risk and risk 
percentile than all other groups, and had the highest FYI sensory-regulatory risk compared to 
all other groups (even Uniform Risk). See Table 1.4 for all means and contrasts for the FYI 
risk outcomes for all eight attention profiles.  
 Study 1 Risk Cohort. With high FYI risk scores, most participants in the Study 1 Risk 
Cohort were identified in the Uniform Risk profile (RAC+IAC+SAE; N=61) and the Poor 
Social Attention Coordination profile (RAC+IAC; N=20). This finding suggests that in other 
samples (e.g., normative, non-risk samples), 12-month-olds who meet criteria for the 
Uniform Risk and Poor Social Attention Coordination groups may represent attention 
profiles with elevated scores on ASD-relevant outcomes (e.g., sensory responsiveness, social 
impairment).  
The Uniform Risk and Poor Social Attention Coordination groups were compared on 
FYI social-communication and sensory-regulatory domains and the three attention constructs 
to confirm that the groups’ mean scores did not differ on shared features of attention (see 
Table 1.x for means). One individual was excluded from analyses due to incomplete data on 
follow-up outcomes, resulting in Uniform Risk (N=61) and Poor Social Attention 
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Coordination (N=19). Uniform Risk includes poor SAE (i.e., SAE mean score above the 70
th
 
percentile cut-off value), whereas Poor Social Attention Coordination does not (i.e., SAE 
mean score below the 50
th
 percentile cut-off value). Analyses confirmed that Uniform Risk 
had higher FYI sensory-regulatory risk and a greater SAE mean than Poor Social Attention 
Coordination (RAC+IAC) (see Table 1.5 for means and t-values). In contrast, both groups 
are defined as meeting criteria for poor RAC and poor IAC (i.e., cut-off scores above the 70
th
 
percentile). These definitions were confirmed with no significant differences between groups 
for FYI social-communication risk or RAC and IAC means (see Table 1.5 for means and t-
values).  
2.1.3  Summary of Aim 1 Findings 
The first aim of Study 1 was to develop attention profiles from the three FYI-derived 
attention constructs developed by Stephens et al. (in prep). The Complete FYI Cohort was 
used to determine cut-off values for each construct. In the spirit of capturing a range of 
attentional skills at 12 months that can detect individual and group differences on later 
outcomes, eight attention profiles were identified using an expanded (30/50/70) scoring 
criteria. This criteria specifies that to be considered good at all three constructs, mean scores 
must be below the 30
th
 percentile cut-off value for each construct and to be considered poor 
at all three constructs, mean scores must be above the 70
th
 percentile cut-off value for each 
construct. For mixed attention profiles, poor functioning is identified as mean scores above 
the 70
th
 percentile, but “good” functioning is identified as mean scores below the 50th 
percentile. This expanded criteria allows for larger sample sizes in each profile and more 
children captured by one of the eight profiles.  
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Analyses of the Study 1 Norm and Risk Cohorts’ FYI risk domains and attention 
construct means for each attention profile demonstrate that, for the most part, groups do not 
differ on shared features of attention, and do differ on unique features of attention. For 
example, in the Study 1 Risk Cohort, the group with the highest mean scores on all three 
attention constructs (Uniform Risk: RAC+IAC+SAE) has significantly greater sensory 
attentional engagement mean scores (i.e., more over-focused, sensory-focused attention) and 
greater FYI sensory-regulatory risk, but the same levels of responding and initiating social 
attention and FYI social-communication risk compared to the Poor Social Attention 
Coordination group (RAC+IAC).  
The Study 1 Norm Cohort, with six additional attention profiles, revealed a slightly 
different pattern of results. That is, some groups defined as having high RAC or IAC, 
actually had different mean levels of RAC and IAC, whereas all groups defined as having 
high SAE had the same mean levels of SAE. The Uniform Risk and Poor Social Attention 
Coordination groups did not differ from each other in mean RAC or IAC levels (as was 
found with the Study 1 Risk Cohort), but those two groups did have higher means on RAC 
and IAC compared to other groups defined as having high RAC (RAC only; RAC+SAE), or 
IAC (IAC only, IAC+SAE). It is possible that high levels of both RAC and IAC at 12 months 
(Uniform Risk, Poor Social Attention Coordination) signify greater overall joint attention 
deficits, a red flag for ASD. In contrast, a deficit in only one domain of social attention (RAC 
or IAC), either alone or combined with an SAE deficit, may signify a developmental 
difference or delay in the maturation of attention networks. IAC is thought to represent the 
executive attention network, which is just emerging at 12 months. Perhaps children with poor 
IAC only at 12 months are just slightly delayed in their communicative development 
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compared to other 12-month-olds. In contrast, RAC should be well-established at 12 months; 
thus, a deficit in RAC alone, or in combination with SAE, may be a more concerning pattern 
of development than a deficit in IAC alone. Nevertheless, an RAC deficit alone, or with 
SAE, would still not be as strong a red flag as a deficit in both RAC and IAC, or all three 
attention features, at 12 months. These hypotheses need to be tested and validated with 
different outcome measures.   
Overall, findings related to Aim 1 demonstrate that the attention profiles complement 
the original FYI risk scoring and two-domain, risk-scoring approach by further distinguishing 
subgroups of children within a high-FYI risk cohort and a normative cohort. Understanding 
additional information about the attentional tendencies of subgroups with high FYI risk may 
serve to inform intervention strategies. For example, while both high-FYI risk groups 
(Uniform Risk, Poor Social Attention Coordination) might benefit from strategies that target 
joint attention skills and social responsiveness, children who are characterized as high-FYI 
risk and Uniform Risk may also benefit from strategies that target over-focused, sensory-
focused behaviors and help build more attentional flexibility. Future studies should 
investigate the use of different attentional strategies for children classified in different 
attention profiles.  
Another goal is to compare the attention profiles on a variety of later outcomes. If 
differences in later outcomes can be detected between attention profiles, then attention 
profiles at 12 months can be used to identify children who may be at risk for poorer social, 
sensory, and temperament outcomes in the toddler years. Testing the attention profiles for 
differences in later outcomes is a goal that will be addressed in Study 1’s Aim 3 with existing 
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data, and in Study 2 with new data. First, Aim 2 will assess the predictive value of the 
attention constructs for sensory and temperament outcomes in a high-risk sample. 
2.2  Aim 2: Exploring the Predictive Value of Attention Constructs in a High-Risk 
Cohort 
 
Stephens et al. (in prep) demonstrated the predictive validity of three FYI-derived 
attention constructs for social responsiveness at 36 months using the Study 1 Norm Cohort 
(N=732). As previously reviewed, the attention constructs are also hypothesized to be 
associated with, and predictive of, sensory response patterns and features of temperamental 
reactivity and self-regulation. The Study 1 Risk Cohort, with available measures of sensory 
responsiveness and temperamental reactivity and self-regulation at 13-16 months, 
represented an opportunity to further test and validate these attention constructs. Thus, the 
second aim of Study 1 was to explore the predictive value and association of the attention 
constructs (RAC, IAC, SAE) with existing parent-report data from this high-FYI-risk sub-
sample from the Complete FYI Cohort. 
2.2.1  Methods 
Participants. For Aim 2, participants included the sub-sample from the EDP-2 FYI 
Cohort (N = 8,277) with high-FYI-risk scores (Study 1 Risk Cohort, N=96). Prior to 
enrolling in a randomized, controlled trial (RCT) of a parent-mediated intervention, these 
toddlers were evaluated on a variety of parent-report and observational assessments. For 
these analyses, the Study 1 Risk Cohort included 95 toddlers (Mean Age=13.8 months, 
Range=13-16 months) who met risk cut-off criteria on both the FYI social-communication 
and sensory-regulatory domains and had complete data for the outcomes of interest (one 
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participant was dropped from the analyses due to missing data on all temperament 
outcomes).  
Measures. 
The First Year Inventory. See the above description.  
Sensory Experiences Questionnaire-Version 2.1. The Sensory Experiences 
Questionnaire (SEQ; Baranek, 1999a; Baranek et al., 2006) is a 41-item questionnaire for 
which caregivers rate the frequency of their child’s behavioral responses to sensory input 
across modalities (visual, auditory, tactile), contexts (social, non-social) and response 
patterns (i.e., hypo- and hyper-responsiveness, and sensory seeking) on a 5-point Likert 
scale. The SEQ has been validated for children with ASD, developmental delay (DD), and 
typical development (TD) between 6 months and 6 years of age (Baranek et al., 2006), and 
has demonstrated high levels of internal consistency and test–retest reliability (Little et al., 
2011). Summary scores can be calculated for hypo and hyper-responsiveness, and sensory 
seeking to both social and nonsocial stimuli. Hyporesponsiveness refers to a lack of or 
delayed response to sensory input, hyperresponsiveness refers to avoidance of or defensive 
response to sensory input, and sensory seeking refers to craving sensory input. 
Early Childhood Behavior Questionnaire-Short Form. The Early Childhood Behavior 
Questionnaire (ECBQ; Putnam, Garstein, & Rothbart, 2006) is a 201-item caregiver-report 
designed to assess 18 dimensions of temperament in children between 1.5 and 3 years of age. 
The ECBQ-Short Form includes 107 items and the same rating scale and dimensions as the 
full ECBQ.  Parents rate the frequency of speciﬁc child behaviors (e.g., how often did your 
child: “sit quietly and watch?”; “become sad and tearful?”) during the past two weeks on a 7-
point Likert scale ranging from 1 (never) to 7 (always). The 18 dimensions of temperament 
are organized into three factors, two of which represent reactivity: negative affectivity (with 
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subscales of discomfort, fear, motor activation, sadness, perceptual sensitivity, shyness, 
soothability, frustration) and surgency/extraversion (with subscales of impulsivity, activity 
level, high-intensity pleasure, sociability, positive anticipation), and one that represents self-
regulation: effortful control (with subscales of inhibitory control, attention shifting, low-
intensity pleasure, cuddliness, attention focusing) (Putnam et al., 2006).  
Procedures. Questionnaire data was collected and scored as part of the Early 
Development Project-2 (EDP-2), a randomized clinical trial that identified children at risk on 
both domains of the FYI and invited them to participate in a parent-mediated intervention. 
Analyses of the Study 1 Risk Cohort’s (N=95) data were conducted to determine associations 
and predictive validity of the constructs with sensory responsiveness and temperament 
outcomes at 13-16 months. This sample represents dual-domain, high-FYI risk, and thus a 
more restricted sample than the Study 1 Norm Cohort (used in Stephens et al.’s regression 
analyses). Correlations between the three attention constructs and between the attention 
constructs and FYI risk domains were explored. Correlations and regression analyses were 
then conducted to determine the degree to which the three attention constructs are associated 
with, and predictive of, sensory response patterns and temperament features at 13-16 months. 
Data Analysis. Sensory responsiveness was measured as mean scores for three 
sensory response patterns collapsed across context and modality: hyporesponsiveness; 
hyperresponsiveness; and sensory seeking. Higher scores represent more elevated sensory 
symptoms. Temperament, including reactivity and self-regulation, was measured as mean 
scores for three main outcomes: surgency/extraversion, negative affectivity, and effortful 
control, as well as two subdomains of effortful control (attention shifting: transferring 
attentional focus from one activity/task to another, and attention focusing: resisting 
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distraction and sustaining attention on an object of attention). Higher scores for 
surgency/extraversion and negative affectivity represent more frequent/elevated reactivity 
behaviors. Lower scores for effortful control reflect less frequent use of self-regulation skills, 
and lower scores for attention shifting and attention focusing represent less attentional 
flexibility and less sustained attention, respectively.  
Correlation coefficients were used to explore associations of the three attention 
constructs (RAC, IAC, SAE) with: 1) FYI risk outcomes; 2) SEQ sensory responsiveness 
outcomes; and 3) ECBQ temperament factors and subscales, for the Study 1 Risk Cohort 
(N=95). Separate multiple linear regression models were applied for each outcome, with the 
three attention constructs (RAC, SAE, IAC) as predictors. Influence indicators and 
scatterplots were evaluated to detect and remove outliers from each outcome. Analyses were 
run with and without outliers, and results were compared. For cases in which removal of 
outliers did not impact the statistical significance of results, the full model’s results are 
reported. For cases in which removal of outliers did impact the statistical significance of 
results, the model’s results with and without outliers are reported and discussed. All 
statistical analyses were conducted using SAS (SAS Institute, Inc., Cary, NC, USA). 
2.2.2  Results 
Correlations of FYI Risk Domains and Attention Constructs. Correlation coefficients 
were generated for the three new constructs in relation to each other and to the FYI risk 
domains (see Table 1.6). The pattern of results for this high-risk sample was similar to that of 
the Complete FYI Cohort (Stephens et al., in prep). Both features of social attention 
coordination (RAC and IAC) were significantly, positively correlated; however, they were 
not perfectly correlated, supporting research evidence that responding and initiating joint 
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attention are separate skills with the potential for unique predictive value. RAC, but not IAC, 
was also significantly positively associated with over-focused/sensory-focused attention 
(SAE), supporting the hypothesis that these two constructs are potentially associated with 
orienting network deficits (see Table 1.6 for all correlation coefficients).  
The pattern of associations of RAC, IAC and SAE with the FYI risk domains were 
also explored. As expected, social attention coordination skills (RAC and IAC) were 
significantly, positively correlated with FYI social-communication risk scores. All three 
constructs were significantly positively correlated with FYI sensory-regulatory risk, total 
risk and risk percentile (see Table 1.6 for all correlation coefficients). SAE had the highest 
correlation with sensory-regulatory risk, as expected, and RAC had the highest correlations 
with total risk and risk percentile.  
These patterns of association can inform hypotheses about the predictive value of the 
attention constructs for individual differences in social, sensory, and temperament outcomes. 
For example, given that RAC has the strongest association of the three constructs with FYI 
total risk and risk percentile suggests that deficits in RAC at 12 months may be a strong 
predictor of elevated ASD symptoms such as social impairment and clinical sensory features. 
RAC and IAC, both with strong associations with social-communication risk, may be 
uniquely predictive of social outcomes, whereas SAE, with the strongest associations with 
sensory-regulatory risk, may be uniquely predictive of sensory and temperament outcomes.  
Sensory Responsiveness Correlations and Regressions. Correlation coefficients were 
calculated for RAC, IAC and SAE means in relation to sensory responsiveness outcomes 
(SEQ 2.1) (see Table 1.6). RAC is a measure of social attentional orienting, and thus was 
hypothesized to be positively correlated with hyporesponsiveness, a measure of failed or 
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delayed orienting to social and nonsocial sensory information (Baranek et al., 2006). SAE 
measures the degree to which children are attentionally engaged in, and perhaps overly 
focused on, sensory and nonsocial stimuli. Given that SAE was correlated with RAC, but not 
IAC, and with FYI sensory-regulatory risk, it was expected that SAE would be significantly, 
positively associated with all three sensory response patterns: hyporesponsiveness, 
hyperresponsiveness, and sensory seeking.  
All three attention constructs were positively, significantly correlated with 
hyporesponsiveness. That is, higher (worse) scores on RAC, IAC and SAE at 12 months 
were associated with higher (worse) hyporesponsiveness between 13 and 16 months. As 
predicted, only SAE was significantly positively correlated with all three sensory response 
patterns. That is, higher SAE mean scores (i.e., more over-focused engagement with the 
sensory environment) at 12 months were associated with greater hyporesponsiveness, 
hyperresponsiveness, and sensory seeking at 13-16 months (see Table 1.6 for correlation 
coefficients). 
Together, the three attention constructs significantly predicted all three sensory 
response patterns, with the three predictors explaining more of the variance in 
hyporesponsiveness (34.28%) and seeking (23.06%) scores, than hyperresponsiveness 
(13.70%) (see Table 3.1). All attentional variables were significant independent contributors 
to hyporesponsiveness, but RAC contributed the most. SAE was a significant contributor to 
all three sensory response patterns, but had the strongest association with sensory seeking. 
Unexpectedly, RAC was also a significant independent contributor to sensory seeking scores 
(see Table 3.1). 
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One potential outlier was detected for hyporesponsiveness and three potential outliers 
were detected for hyperresponsiveness. Removal of the outliers did not change the statistical 
significance of the overall model or individual constructs’ contributions to the outcomes. For 
example, removing one outlier from hyporesponsiveness, the full model was still statistically 
significant, with slightly more variance accounted for (38.5% versus 34.28%), and all three 
predictors still had statistically significant regression coefficients. Therefore, results reported 
reflect all available data points included in the model. These few outliers do not impact the 
overall pattern of results for the majority of the sample.  
Temperament Correlations and Regressions. Correlations among attention constructs 
(RAC, IAC, SAE) and the reactive (surgency/extraversion; negative affectivity) and 
regulatory (effortful control) components of temperament were explored (see Table 1.6 for 
all correlation coefficients). Separate regression analyses were conducted for each outcome 
(see Table 1.7 for all regression coefficients). 
Surgency/Extraversion. It was predicted that poorer social attention coordination 
skills at 12 months (i.e., high RAC and IAC) would be associated with lower 
surgency/extraversion, a measure of children’s social engagement and activity levels. RAC 
demonstrated a low, but significant negative correlation with surgency/extraversion, partially 
supporting the hypothesis (see Table 1.6). The three constructs were not significant 
predictors of surgency/extraversion, accounting for only 6.63% of the variance. However, 
RAC demonstrated a significant negative association with surgency/extraversion, such that 
an increase in RAC (i.e., less social orienting) was associated with a decrease in 
surgency/extraversion (i.e., less social engagement). Removal of 3 outliers strengthened that 
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association and resulted in the overall model becoming statistically significant and explaining 
9.65% of the variance in surgency/extraversion. 
Negative Affectivity. Given previously reviewed evidence that flexible attentional 
orienting and appropriately focused attention are associated with reduced negative 
emotionality, it was hypothesized that less attentional orienting to social stimuli at 12 months 
(i.e., higher RAC) and more over-focused, sensory-focused attention (i.e., higher SAE) 
would be associated with higher negative affectivity (i.e., more sensory reactivity and 
negative affect). This hypothesis was partially confirmed; SAE and negative affectivity were 
significantly, positively correlated (see Table 1.6).  
Together, all three attention constructs significantly predicted negative affectivity, 
accounting for 20.36% of the variance. SAE was the only significant, independent 
contributor to differences in negative affectivity (see Table 1.7). Removal of one potential 
outlier did not alter these results. 
Effortful Control. Given the assumption that the attention constructs tap underlying 
functions of the orienting and executive attention networks, and that effortful control 
develops from integration of both attention networks, all three constructs were expected to be 
associated with effortful control. Furthermore, RAC and SAE were hypothesized to be 
associated with poorer attention shifting and focusing, two subdomains of effortful control. 
As predicted, RAC was significantly negatively correlated with effortful control and RAC 
and IAC were significantly negatively associated with attention shifting. That is, poorer 
social orienting at 12 months was associated with less effortful control, and poorer social 
orienting and initiating at 12 months was related to less attention shifting at 13-16 months. 
Unexpectedly, IAC and SAE were not significantly correlated with effortful control. None of 
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the constructs were associated with attention focusing; thus, this outcome was not included in 
the regression analyses.  
 In the regression analyses, the overall model was not significant for effortful control, 
but was significant for attention shifting (see Table 3.1). The three attention constructs, 
together, accounted for only 6.18% of the variance in effortful control scores. In contrast, the 
attention constructs accounted for 18.21% of the variance in attention shifting scores. RAC 
scores at 12 months significantly contributed to change in both effortful control and attention 
shifting scores at 13- to 16- months old. IAC and SAE did not significantly uniquely 
contribute to these two outcomes, despite IAC being significantly, negatively correlated with 
attention shifting (r=-0.247, p=0.016). Removal of outliers from effortful control and 
attention shifting did not alter these results.  
2.2.3  Summary of Aim 2 Findings 
 In Aim 2, the associative and predictive value of the three attention constructs with 
well-validated parent-report measures of sensory and temperament features was explored in a 
high-risk sample of children. Patterns of associations of the attention constructs with the FYI 
risk domains were first assessed to determine potential hypotheses about the predictive value 
of each construct with the sensory and temperament outcomes. Both social attention 
constructs (RAC and IAC) were associated with FYI social-communication risk, suggesting 
that RAC and IAC may predict differences in social outcomes. Surgency/extraversion, a 
measure of positive temperamental reactivity with social subscales, was the only available 
measure of social outcomes for this cohort. RAC and IAC were expected to be predictive of 
surgency/extraversion. All three attention constructs were associated with FYI sensory-
regulatory risk, but SAE had the strongest relation, suggesting that SAE may be the strongest 
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predictor of sensory-related outcomes. Three sensory response patterns and temperamental 
negative reactivity, a measure of sensory and affective reactivity, were available as sensory-
related outcomes for this cohort, and SAE was hypothesized to be predictive of those 
outcomes.   
All sensory and temperament outcomes, except effortful control, were predicted by 
the three attention constructs together. RAC was uniquely associated with 
surgency/extraversion, partially supporting the hypothesis that the social attention constructs 
are predictive of later social outcomes. SAE was uniquely predictive of differences in all 
three sensory response patterns (hyporesponsiveness, hyperresponsiveness, seeking), as well 
as negative affectivity, a component of temperamental reactivity that includes several 
subscales measuring sensory reactivity. The only outcome for which all three constructs were 
significant, independent contributors was sensory hyporesponsiveness, demonstrating that 
this sensory response pattern is most associated with both social attention and sensory-
focused attention. This finding suggests that children with deficits in all three attention 
constructs at 12 months may be at risk for the most elevated hyporesponsiveness. This 
hypothesis can be evaluated by comparing children with different attention profiles (e.g., 
those with deficits on all three constructs versus those with deficits in social attention only or 
those with no deficits). Aim 3 and Study 2 will investigate ability to detect group differences 
between attention profiles on outcomes such as hyporesponsiveness. 
The previously reviewed literature suggested that RAC and IAC may be predictive of 
attentional regulation measures. This hypothesis was partially supported in Aim 2. Both RAC 
and IAC were significantly correlated with attention shifting, a component of self-regulation, 
but only RAC was associated with effortful control and RAC was more strongly correlated 
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with attention shifting than IAC. Thus, RAC was the only significant independent contributor 
to effortful control and attention shifting scores in this high-risk sample. It is possible that the 
significant correlation between RAC and IAC, along with the stronger association of RAC 
than IAC with attention shifting, made RAC account for more variance in attention shifting. 
Furthermore, RAC is assumed to be associated with responding to joint attention (RJA) 
skills, skills that should be present by 12 months of age. In contrast, IAC is assumed to be 
associated with initiating joint attention (IJA) skills, skills that continue to develop 
throughout the second year of life. Thus, developmentally, a delay in RAC at 12 months may 
be a stronger indicator of an attentional orienting deficit and more predictive of delays in 
later attentional regulation skills. 
Generally, these findings suggest that the ability to respond to others’ social bids for 
attention in a flexible, responsive manner at 12 months (RAC) is predictive of later 
attentional regulation abilities, as reflected in the association of RAC with 
hyporesponsiveness, sensory seeking, effortful control, and attention shifting, as well as 
social outcomes, as reflected in the association with surgency/extraversion. To a lesser, but 
still significant, extent, the ability to initiate social attention with others at 12 months (IAC), 
is also associated with later sensory responsiveness (hyporesponsiveness) and social 
approach (surgency/extraversion). RAC may be the stronger predictor of more outcomes than 
IAC because a deficit in RAC at 12 months is more developmentally atypical and concerning 
than a deficit in IAC at 12 months. Alternatively, the correlation of RAC with IAC, along 
with the stronger associations of RAC with sensory and temperament outcomes, may mask 
some of the independent predictive power of IAC. 
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The tendency to become overly focused on sensory features of the environment at 12 
months (SAE) was most predictive of greater negative affectivity and more elevated sensory 
features across all patterns at 13-16 months. However, RAC also contributed to two sensory 
response patterns. Thus, for this high-FYI risk sample, deficits in RAC and/or SAE at 12 
months were associated with more dysregulated behavioral, attentional, and affective 
responses to the social and nonsocial sensory environment. It is possible that both over-
focused attention and poor orienting skills at 12 months indicate an underlying 
disengagement deficit, which could contribute to both hyporesponsiveness and sensory 
seeking behaviors. This hypothesis should be tested in future studies.  
These findings suggest that deficits in particular combinations of attention at 12 
months may lead to poor outcomes on certain features of sensory responsiveness and 
temperament. For example, deficits in all three attention constructs may pose the greatest risk 
for hyporesponsiveness, whereas deficits in SAE and RAC may pose a risk for sensory 
seeking, and deficits in SAE alone may pose risk for hyperresponsiveness. Therefore, a goal 
of Aim 3 is to explore such hypotheses using the attention profiles created in Aim 1.  
Overall, these findings support the predictive value of the attention constructs for 
features of sensory responsiveness, temperamental reactivity, and attentional self-regulation, 
and suggest that combining the attention constructs into profiles may be useful for predicting 
which profiles might be at greater risk for poorer outcomes. These findings are limited to a 
restricted, high-risk sample with outcomes reported very close in time to the measurement of 
the attention constructs. These findings are also limited to a small sample, which was 
impacted by a few outliers on some outcomes (e.g., surgency/extraversion). Study 2 will 
address these limitations by assessing sensory and temperament outcomes at a later point in 
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development with a larger sample representing a broader range of FYI risk. It is also 
important to note that, although the regression models were statistically significant, 
explaining between 9% and 34% of the variance in the measured outcomes, there is still 
much variance remaining that may be explained by other factors beyond child features of 
attention. Future studies will need to consider and test these factors with larger samples.  
2.3 Aim 3: Validating the Ability to Detect Differences Among Attention Profiles in 
Normative and High-FYI Risk Cohorts with Existing Data 
 
The newly developed attention profiles (Aim 1, Study 1) have not yet been tested and 
validated. All eight attention profiles are represented in the Study 1 Norm Cohort and two 
attention profiles are represented in the Study 1 Risk Cohort (see Aim 1, Study 1). These 
groups represent an opportunity to validate the ability of the attention profiles to detect group 
differences in outcomes relevant to the attention constructs. Findings from Aim 2 suggest 
that deficits in certain combinations of attention constructs may predict poorer outcomes. For 
example, all three attention constructs predicted hyporesponsiveness, whereas RAC and SAE 
predicted sensory seeking. Therefore, attention profiles defined as having deficits in all three 
features of attention may have higher hyporesponsiveness scores than attention profiles who 
do not have those deficits. The third aim of Study 1 is to use the newly created attention 
profiles (Aim 1) to compare performance on parent-reported outcomes of social 
responsiveness/impairment at 36 months (Study 1 Norm Cohort), and of sensory 
responsiveness and temperamental reactivity/regulation at 13-16 months (Study 1 Risk 
Cohort). 
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2.3.1  Methods 
Participants. Attention profiles determined in Aim 1 for the Study 1 Norm Cohort 
and Study 1 Risk Cohort were used to compare groups with available outcomes that were 
associated with or predicted by the attention constructs in regression analyses. For the Study 
1 Norm Cohort, analyses were conducted on 372 of 732 participants who met the expanded 
(30/50/70) grouping criteria for one of eight attention profiles and had social 
responsiveness/impairment scores at 36 months (see Table 1.2 for sample sizes in each 
attention profile).  For the Study 1 Risk Cohort, analyses were conducted on 80 of the 95 
participants who met the expanded (30/50/70) grouping criteria for two groups: Uniform 
Risk (N=61) and Poor Social Attention Coordination (N=19).  
Measures for Study 1 Norm Cohort (N=372, 36 months).The Social Responsiveness 
Scale-Preschool Version (SRS-P; Constantino & Gruber, 2005; Constantino & Todd, 2005) 
was adapted from the Social Responsiveness Scale (SRS; Constantino & Gruber, 2005) for 3- 
to 4-year-olds. The SRS is a measure that quantitatively measures ASD-related symptoms, 
including social awareness, social information processing, social anxiety/avoidance, capacity 
for reciprocal social interaction, and the presence of autistic-like behaviors (e.g., repetitive 
behaviors). The scoring approach is consistent with research that characterizes autism as a 
spectrum; thus, total raw scores range from 0 to 195, with scores of 60 to 80 representing 
deficits in social reciprocity that are clinically significant, in the mild to moderate range of 
social impairment, and scores above 80 representing more severe social impairment for 
individuals aged four and older (Constantino & Gruber, 2005; Constantino & Todd, 2005).  
Study 1 Risk Cohort (N=80, 13-16 months). Measures included the SEQ 2.1 and the 
ECBQ, both of which were described in Aim 2. 
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Data Analysis. Outcomes of interest included measures of social 
responsiveness/impairment (Study 1 Norm Cohort), and sensory responsiveness and 
temperament (Study 1 Risk Cohort), which were described in Aim 2. Social 
responsiveness/impairment was measured as an SRS-P total raw score, as in Stephens et al. 
(in prep). Higher scores represent greater difficulty with social reciprocity and the presence 
of more impaired social skills. Sensory and temperament outcomes were the same as in Aim 
2.  
A between-group, one-way ANOVA with post-hoc, two-tailed t-tests were conducted 
to determine group differences in social responsiveness/impairment among the eight 
attention profiles of the Study 1 Norm Cohort. Two-tailed t-tests were conducted to 
determine group differences (Uniform Risk vs. Poor Social Attention Coordination) in 
sensory responsiveness and temperament outcomes for the Study 1 Risk Cohort.  
Hypotheses were developed based on findings from the regression analyses showing 
the associations and predictive value of the three attention constructs for sensory 
responsiveness and temperament (Study 1 Risk Cohort), and social 
responsiveness/impairment (Stephens et al., in prep). Results informed decisions about which 
outcomes and measures to select for Study 2, and helped determine the groups of interest for 
further assessment in Study 2.  
2.3.2  Results 
 Regression analyses from Aim 2 demonstrated that SAE (and to a lesser degree, 
RAC) was most predictive of all sensory outcomes and temperamental negative affectivity, 
whereas RAC (and to a lesser degree, IAC) was predictive of social outcomes, such as 
surgency/extraversion, and self-regulation skills such as attention shifting. These findings 
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suggest that attention profiles with deficits in RAC and/or SAE (i.e., poor responsiveness to 
social attention bids and/or over-focused, sensory-focused attention) may have elevated 
sensory responsiveness scores and more temperamental negative affectivity. Furthermore, 
groups with poor RAC and IAC may have poorer social outcomes and self-regulation 
outcomes, particularly attention shifting.  
Social Responsiveness/Impairment Group Differences for the Study 1 Norm Cohort. 
Examining the distributions of SRS-P raw scores for each attention profile revealed three 
extreme SRS scores in three groups: Over-focused Attention (SAE): SRS score = 88; Poor 
Initiating (IAC): SRS score = 101, and Poor Interactive Engagement (IAC+SAE): SRS score 
= 85. Visual inspection of boxplots and exploration of descriptives showed that these three 
scores were extreme for those groups. When these outliers were removed, the only group that 
had SRS-P total raw scores above 60 was Uniform Risk. This group had 5 scores between 69 
and 92, indicating clinically relevant difficulties with social reciprocity at 36 months ranging 
from mild to more severe. Mean SRS-P total raw scores across the eight profiles ranged from 
15.17 to 33.23 (see Table 1.4). An ANOVA was conducted to compare mean SRS-P total 
raw scores among the eight attention profiles with outliers removed (N = 369). Although 
SRS-P means were also considered in analyses, the results were the same as analyses using 
the total raw scores, and the literature supports the use of SRS total raw scores for research 
purposes (Constantino & Gruber, 2012).  
Stephens et al. (in prep) found that all three attention constructs predicted social 
responsiveness/impairment scores at 36 months, suggesting that the attention profile with the 
highest scores in all three constructs (i.e., Uniform Risk) would have the most social 
impairment (i.e., highest SRS-P raw scores). It was also hypothesized that groups with mixed 
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attention profiles, particularly Poor Social Attention Coordination (RAC+IAC), would have 
significantly higher mean SRS-P total raw scores than Uniform Control, given that RAC and 
IAC together seem to be associated most with social outcomes (e.g., FYI social-
communication risk, temperamental surgency/extraversion, as demonstrated in Study 1, Aim 
2). These hypotheses were partially supported. Statistically significant differences in SRS-P 
raw scores between attention profiles were detected (see Table 1.4). Post-hoc contrasts 
revealed that the mean SRS-P total raw score for Uniform Risk was significantly greater (i.e., 
worse) than all other attention profiles except Poor Attentional Flexibility (RAC+SAE). The 
Poor Attentional Flexibility group, which did not differ from Uniform Risk, had a higher 
(i.e., worse) mean SRS-P total raw score compared to two other profiles: Poor Initiating 
(IAC) and Over-focused Attention (SAE). All other attention profiles had significantly 
greater mean SRS-P total raw score than Uniform Control. Thus, the group with deficits in 
all attention features at 12 months had the poorest social responsiveness, but groups with 
deficits in two features of attention also had significantly poorer social responsiveness than 
the group with no attention deficits (Uniform Control).  
Sensory Group Differences for Study 1 Risk Cohort. As a reminder, the Study 1 Risk 
Cohort (N=95) met risk criteria for both FYI social-communication and sensory-regulatory 
domains. However, variability in the range of FYI risk domain scores was evident, even for 
this restricted sample. Aim 1 revealed that two attention profiles were most represented in 
this cohort (Uniform Risk and Poor Social Attention Coordination). Comparisons of these 
two profiles on FYI risk domains and attention constructs showed that the groups differed in 
FYI sensory-regulatory risk and SAE (i.e., Uniform Risk had more FYI sensory-regulatory 
risk and poorer SAE than Poor Social Attention Coordination), but not FYI social-
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communication risk or RAC or IAC. See Table 1.5 for means of FYI risk variables and 
attention constructs for the two groups. 
To identify differences in sensory response patterns between the Uniform Risk and 
Poor Social Attention Coordination groups, two-tailed t-tests were performed on 
hyporesponsiveness, hyperresponsiveness, and sensory seeking mean scores. Results from the 
correlational and regression analyses (Aim 2, Study 1) informed hypotheses about 
differences in sensory responsiveness for the two groups. Regression analyses demonstrated 
that all three constructs were predictive of variance in hyporesponsiveness, suggesting that 
Uniform Risk may have significantly more hyporeponsiveness than Poor Social Attention 
Coordination. This hypothesis was supported (see Table 1.5). Given that Uniform Risk has 
higher SAE scores (i.e., more over-focused, sensory-focused attention at 12 months) than 
Poor Social Attention Coordination, and evidence of an association of SAE with all three 
sensory response patterns, Uniform Risk was also hypothesized to have significantly higher 
hyperresponsiveness and sensory seeking scores than Poor Social Attention Coordination. 
This hypothesis was partially supported. Although the groups did not differ on mean overall 
hyperresponsiveness, Uniform Risk did have significantly greater sensory seeking scores 
compared to Poor Social Attention Coordination (see Table 1.5).  
Overall, Uniform Risk had greater hyporesponsiveness and sensory seeking compared 
to Poor Social Attention Coordination, even in a restricted sample of high-FYI risk 
participants. Furthermore, effect sizes were stronger for seeking than for hyporesponsiveness 
(Cohen’s d = 0.736 versus 0.5822, respectively), aligning with regression analyses in Aim 2 
that showed a stronger association of SAE with seeking than with hyporesponsiveness. 
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Temperament Group Differences for Study 1 Risk Cohort. Given the differences in 
SAE means and FYI sensory-regulatory risk between Uniform Risk and Poor Social 
Attention Coordination (Aim 1), and the predictive value of SAE for negative affectivity 
(Aim 2), Uniform Risk was predicted to have significantly higher negative affectivity than 
Poor Social Attention Coordination. This hypothesis was supported (see Table 1.5). RAC 
was significantly associated with surgency/extraversion (Aim 2), so group differences were 
not expected between these two groups who have the same RAC mean levels. This 
hypothesis was also supported (see Table 1.5). In Aim 2, RAC was predictive of effortful 
control and attention shifting, and RAC and IAC were significantly associated with attention 
shifting. These patterns suggest that Uniform Risk and Poor Social Attention Coordination 
(groups with the same RAC and IAC means) should not differ on effortful control or 
attention shifting outcomes. T-tests confirmed this hypothesis, revealing no significant 
differences in effortful control or attention shifting between these two profiles (see Table 
1.5). Finally, no associations were found between the three constructs and attention focusing 
in Aim 2. Thus, group differences were not explored for attention focusing.  
2.3.3  Summary of Aim 3 Findings 
Group differences between attention profiles were detected in two separate samples. 
Differences in social responsiveness at 36 months were detected in a large normative sample 
(Study 1 Norm Cohort), and differences in features of sensory responsiveness 
(hyporesponsiveness and sensory seeking) and temperamental reactivity (negative affectivity) 
at 13-16 months were detected in a restricted, dual-domain, high-FYI-risk sample (Study 1 
Risk Cohort).  
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All groups from the Study 1 Norm Cohort had significantly poorer social 
responsiveness scores compared to Uniform Control. However, of the eight attention profiles, 
Uniform Risk had the most cases of high SRS total raw scores, and the highest mean, which 
was significantly greater than all other groups, except the group with Poor Attentional 
Flexibility (RAC+SAE). This group also had significantly greater mean SRS-P total raw 
scores compared to several other groups. These two profiles share the same RAC mean level, 
suggesting that the combination of a deficit in RAC and another feature of attention (either 
IAC and/or SAE) is associated with poorer social responsiveness later in development.  
It is important to note that the attention profiles’ mean SRS-P scores are not in the 
clinically significant range. However, the means do not reflect the extreme values that are 
present in several profiles and are clinically significant. For example, although Uniform Risk 
had a mean SRS-P score of 33.23, this group had the greatest variance, with scores reaching 
92. Thus, although it is important to note that the attention profiles can be used as a tool to 
classify group differences in social outcomes, not all members of the groups with the highest 
scores have clinically significant SRS scores. Clinical significance must be detected on a 
case-by-case basis.  
For the Study 1 Risk Cohort, a fairly homogenous sample, group differences in 
sensory outcomes were detected for hyporesponsiveness and seeking, but not 
hyperresponsiveness. In Aim 2, all three attention constructs made statistically significant 
independent contributions to individual differences in hyporesponsiveness. This pattern 
complements the finding that the group with deficits in all three constructs (Uniform Risk) 
has more hyporesponsiveness than the group with deficits in two constructs (Poor Social 
Attention Coordination). In Aim 2, SAE was the only construct that made independent, 
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statistically significant contributions to hyperresponsiveness scores, and RAC and SAE 
contributed to seeking. Group differences were only detected in seeking, a finding which 
aligns with the fact that Uniform Risk has deficits in both RAC and SAE, whereas Poor 
Social Attention Coordination has deficits in only RAC. Although it was surprising that 
Uniform Risk did not also have more hyperresponsiveness than Poor Social Attention 
Coordination, the association of SAE with hyperresponsiveness is lower, and the regression 
coefficient is smaller, than that of SAE with seeking for this sample. Furthermore, the 
sensory outcomes were measured at a young age (13-16 months). Although sensory response 
patterns often co-occur in children with ASD (Baranek et al., 2006), research also 
demonstrates that hyporesponsiveness in particular is present early in development for those 
most at risk for ASD, and may be an early behavioral indicator of ASD (Baranek, 1999b; 
Baranek et al., 2013). 
Whereas the attention constructs predicted individual differences in 
surgency/extraversion, negative affectivity, and attention shifting (Aim 2, Study 1), group 
differences were detected for negative affectivity only. Uniform Risk had significantly greater 
negative affectivity than Poor Social Attention Coordination. This is supported by the finding 
that SAE has a strong, positive association with negative affectivity and these two groups 
differ on SAE. It is possible that the Uniform Risk and Poor Social Attention Coordination 
groups have poor attention shifting and poor surgency/extraversion, but that differences can 
only be detected when compared to groups that do not share RAC deficits (e.g., SAE only 
group, Uniform Control). These groups were not available for comparison in this restricted, 
high-FYI risk sample, and thus are a target for Study 2. 
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Overall, the findings from Aim 3 support the utility of attention profiles at 12 months 
for distinguishing social, sensory and temperament outcomes at later time points in 
normative and high-risk samples. Together, the findings suggest that groups with an RAC 
deficit at 12 months seem to have the poorest social responsiveness and most sensory 
hyporesponsiveness, and groups with SAE deficits at 12 months have more elevated sensory 
seeking and negative affectivity. Although IAC does not seem like an independently strong 
construct, these findings in conjunction with the regression analyses support the conclusion 
that when an IAC deficit is present with an RAC deficit, those attention profiles have poorer 
outcomes. Further research is needed to test for group differences between the risk and 
control groups in all of these outcomes with one large, normative sample at one later point in 
development. This is a goal of Study 2. 
2.4 Study 1 General Discussion 
Study 1 addressed three aims: 1) to establish scoring cut-off criteria for attention 
profiles from three FYI-derived attention constructs (Stephens et al., in prep); 2) to explore 
the utility of the new attention constructs for predicting later sensory and temperament 
outcomes; and 3) to explore differences in social, sensory, and temperament outcomes for 
groups defined as having unique attention profiles at 12 months. 
The findings from Aim 1 support the use of the expanded (30/50/70) cut-off criteria 
to establish attention profiles at 12 months from the attention constructs developed by 
Stephens et al. (in prep). In two separate cohorts, the profiles were able to distinguish 
differences in FYI risk domains, suggesting that these profiles might be able to detect 
differences in social, sensory, and regulatory outcomes from other parent-report measures.  
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The findings from Aim 2 add to Stephens et al.’s (in prep) demonstration that the 
attention constructs are predictive of later social responsiveness/impairment by showing that 
they also predict individual differences in sensory and temperament outcomes on well-
validated parent-report measures. RAC (and to a slightly lesser degree, IAC) is perhaps most 
important for contributing to individual differences in attentional orienting behaviors (as 
measured by hyporesponsiveness, effortful control, and attention shifting), whereas SAE (and 
to a slightly lesser degree, RAC) is perhaps most important for contributing to differences in 
sensory-related features (hyporesponsiveness, hyperresponsiveness, seeking, and negative 
affectivity). All three constructs contributed independently and significantly to differences in 
social responsiveness for the Study 1 Norm Cohort (Stephens et al., in prep), and to 
hyporesponsiveness for the Study 1 Risk Cohort (Aim 2). Both of these outcomes are 
associated with increased risk for ASD. 
The findings from Aim 3 support the use of attention profiles created in Aim 1 for 
detecting differences in social, sensory and temperament outcomes. The main finding across 
both samples is that Uniform Risk and Poor Social Attention Coordination (both groups with 
RAC and IAC deficits) seem to have the most elevated risk for ASD-related social and 
sensory symptoms, but Uniform Risk, with the additional SAE deficit, has even greater ASD-
related social and sensory symptoms than Poor Social Attention Coordination. Additionally, 
the Poor Attentional Flexibility (RAC+SAE) group had elevated social responsiveness scores 
compared to several other groups and had a comparable mean social responsiveness score to 
Uniform Risk, suggesting that this group might also represent risk for ASD-related 
symptoms. However, this profile was not available for further testing of group differences on 
sensory and temperament outcomes in the Study 1 Risk Cohort.  
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In terms of the relationship between early attention features and later sensory 
features, regression analyses revealed that all features of attention were significant 
contributors of variance for sensory hyporesponsiveness, but that SAE was consistently 
positively associated with, and a significant contributor to, all sensory patterns from the SEQ 
and a sensory-related outcome from the ECBQ, negative affectivity. This finding was 
supported by findings that the group with poor SAE (Uniform Risk) had significantly more 
elevated sensory symptoms (hyporesponsiveness, sensory seeking, negative affectivity) 
compared to the one group without SAE difficulties (Poor Social Attention Coordination). 
Future studies should investigate how other attention profiles with poor SAE (e.g., SAE only; 
RAC+SAE) compare to groups without SAE difficulties (e.g., Poor Social Attention 
Coordination, Uniform Control) on sensory-related outcomes.  
In terms of the associations between early attention features and later attentional self-
regulation skills (hyporesponsiveness, effortful control, attention shifting), RAC and IAC 
were both associated with hyporesponsiveness and attention shifting, and RAC contributed 
significantly to individual differences in effortful control and attention shifting. This finding 
is supported by the wealth of evidence that attention shifting skills develop initially in the 
first six months of life with support from the orienting network, and that RAC, which 
requires attention shifting skills, is being measured at 12 months. The pattern of findings in 
this study suggest that a deficit in RAC at 12 months is a red flag for differences in general 
attentional orienting abilities, which may have an impact on later self-regulation and social 
competence.  
Although the attention constructs, particularly RAC, predicted individual differences 
in attention shifting and effortful control scores, group differences were not detected in the 
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Study 1 Risk Cohort. There are two plausible reasons for this. First, RAC is the strongest 
predictor of attention shifting and both groups in the Study 1 Risk Cohort (Uniform Risk and 
Poor Social Attention Coordination) have the same mean RAC; thus, there are likely no 
detectable differences in their attention shifting skills. Second, the sample for this analysis 
represents high ASD risk, a sample that would not necessarily differ on attention shifting 
because attentional disengagement deficits are evident in many children at risk for ASD, 
beginning around 12 months of age (e.g., Zwiagenbaum et al., 2005). Future studies should 
compare the attention shifting scores of the Uniform Risk and Poor Social Attention 
Coordination groups with attention profiles that do not include poor RAC (e.g., Uniform 
Control; SAE only). I would hypothesize that the former two subgroups would have poorer 
attention shifting when compared to non-RAC attention profiles.  
In sum, the results from Study 1 with high-risk and normative, community-based 
samples demonstrate that the three attention constructs derived from the FYI are useful 
predictors of individual and group differences in sensory, temperament, and social outcomes 
measured from well-validated parent-report measures. These findings support the need for 
additional research with a sample with a broad range of attentional skills at 12 months, rather 
than just those at the highest risk on the FYI, to capture a variety of attention profiles, 
particularly those with good and poor RAC and SAE. The ability of the attention constructs 
to predict individual and group differences in behaviors and skills supported by the orienting 
network (i.e., negative affectivity, attention shifting) supports the assumption that the 
attention constructs are tapping the underlying integrity of the orienting attention network. 
Research previously reviewed demonstrates that early skills associated with the orienting 
network (e.g., joint attention, disengagement of attention), predict attentional regulation in 
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the toddler and preschool years (e.g., Vaughan van Hecke et al., 2007). It would be 
interesting to capture and detect individual and group differences in attentional regulation 
skills as well as features of attentional dysregulation (e.g., over-focused attention), at a period 
in development when the executive attention network is dynamically developing and 
interacting with the orienting network to support the emergence of voluntary, flexible control 
of attention. This will be a goal of Study 2. 
III. STUDY 2: INVESTIGATING THE INFLUENCE OF ATTENTIONAL 
DIFFERENCES AT 12 MONTHS ON SOCIAL, SENSORY, TEMPERAMENT, AND 
ATTENTIONAL OUTCOMES AT 30 MONTHS 
 
Findings from Study 1 indicate that social attention skills (responding and initiating) 
and sensory-focused, attentional engagement at 12 months have the potential to predict 
individual differences in negative affectivity, sensory responsiveness, and attention shifting 
early in the second year of life. Study 1 also revealed that these attention constructs can be 
combined to create profiles of attention in the first year of life, and that these profiles can be 
used to detect group differences in features of temperamental reactivity, attentional 
regulation, and sensory and social responsiveness. For example, toddlers with the poorest 
attentional skills at 12 months (i.e., Uniform Risk) exhibit significantly poorer social and 
sensory behaviors, as well as more negative affectivity, even when compared to another 
high-risk group with poor attentional skills (Poor Social Attention Coordination). Study 1 
also revealed that 12-month-olds from a large normative sample who were classified as 
having two or three attentional deficits (Uniform Risk, Poor Social Attention Coordination, 
Poor Attentional Flexibility, Poor Interactive Engagement) had significantly poorer social 
responsiveness at 36 months compared to a group who did not have attention deficits at 12 
months. Overall, Study 1 supports the use of the attention constructs and profiles for 
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detecting differences in reactivity and regulation, sensory responsiveness, and social 
responsiveness/impairment. However, several limitations of Study 1 can be improved upon 
in Study 2 to gain a fuller picture of the role of these attention constructs and profiles in 
predicting and detecting individual and group differences in the outcomes of interest.  
First, the findings from Study 1 come from two different samples at two different 
timepoints with different outcomes (i.e., a restricted range, high-FYI-risk sample with 
sensory and temperament outcomes measured within one to four months of the FYI versus a 
normative, wider-ranging sample with a social responsiveness outcome measured two years 
after the FYI). Therefore, it is not possible to generalize the sensory and temperament results 
of Study 1 to a non-risk and to a later point in development. Study 2 will measure all 
outcomes of interest (social, sensory, reactivity, and attentional regulation) within one sample 
representing a wide range of FYI total risk at one timepoint, a year and a half following the 
FYI measurement.  
In Study 1, the available measure of attentional regulation was limited, and no 
measures of attentional dysregulation were available. The previously reviewed literature 
suggests that joint attention behaviors are supported by the orienting and executive attention 
networks, both of which foster the development of flexible attentional control in the toddler 
and preschool years. It is possible that the attention constructs and profiles can predict 
differences in attentional regulation and dysregulation, but this hypothesis has not been fully 
tested yet. Thus, a second goal of Study 2 is to include more thorough measures of attentional 
regulation and dysregulation. Attentional dysregulation will be measured as 
inattention/distractibility and over-focusing. Over-focusing is a feature of attention that has 
been detected in children with ASD and is associated with sensory response patterns (Liss et 
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al., 2006). Given that sensory response differences have been detected between attention 
profiles and the nature of the attention constructs, it seems plausible that attentional over-
focusing differences will also be detected among the profiles. 
Which age would be the best candidate for measuring and detecting individual and 
group differences in these outcomes of interest, particularly attentional regulation and 
dysregulation? Developmental research demonstrates that some aspects of attentional control 
supported by the executive attention network, such as focused attention and inhibitory 
control, increase significantly between the second and fourth years. For example, inhibitory 
control increases between 18 and 30 months (Vaughn, Kopp, & Krakow, 1984), the ability to 
slow down and resolve conflict improves at 30 months (Gerardi-Coulton, 2000), and focused 
attention increases between 2.5 and 4.5 years (Ruff & Lawson, 1990). Furthermore, joint 
attention skills in the first year predict self-regulation skills and social competence between 
two and three years (Morales et al., 2005; Vaughan van Hecke et al., 2006; 2007; 2012). 
Specifically, early RJA (responding) behaviors are associated with attentional and emotional 
regulation strategies (Morales et al., 2005; Vaughan van Hecke et al., 2006) and emotional 
reactivity (Mundy et al., 1992; Vaughan et al., 2003) in the toddler and early preschool years. 
This evidence supports the value of studying the role of early features of attention, as 
captured in the attention constructs, on later self-regulation and social competence in children 
between two and three years. It would be interesting to explore the attention constructs’ 
ability to predict individual differences in emotional reactivity and attentional regulation at 
30 months, when executive attention-related skills are beginning to emerge.    
Study 1 findings were somewhat limited by a lack of available attention profiles. 
Although all eight attention profiles were represented in the Study 1 Norm Cohort, no 
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measures of attentional regulation or reactivity were available to investigate the extent to 
which attention profiles for this group differ in later attentional control outcomes. In The 
Study 1 Risk Cohort, the attention constructs together significantly predicted attention 
shifting at 13-16 months, but group differences could not be detected in this sample because 
it was a high-risk sample. That is, the two profiles being compared (Uniform Risk and Poor 
Social Attention Coordination) both had the same levels of poor RAC, which was the 
strongest predictor of attention shifting. Therefore, a third goal for Study 2 is to examine 
comparison groups for Uniform Risk and Poor Social Attention Coordination to better detect 
differences in attention shifting (as well as other outcomes) among the attention profiles. The 
groups that are expected to complement the Uniform Risk and Social Attention Coordination 
profiles are those that have good RAC (e.g., Uniform Control) and poor SAE (e.g., Over-
focused Attention) in their attention profiles.  
3.1  Research Questions and Hypotheses 
Results from Study 1 informed decisions for Study 2 concerning measures to 
administer at 30 months, attention profiles to compare groups across outcomes, and 
hypotheses. Broadly, the aim of Study 2 was to continue to explore the predictive value of 
features of attention at 12 months for detecting differences in parent-reported social 
responsiveness/impairment, sensory responsiveness, temperament reactivity and self-
regulation, and attentional regulation/dysregulation at 30 months. This age was chosen 
because it represents a period of emerging attentional control and self-regulation, skills 
which research suggests is influenced by early developing features of attention supported by 
the orienting and executive attention networks. Study 2 addresses two specific research 
questions: 
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 1) To what extent do social attention coordination skills (responding: RAC; 
initiating: IAC) and sensory attentional engagement (over-focused attention: SAE) at 12 
months predict individual differences in social responsiveness/impairment, sensory 
responsiveness, temperament reactivity and self-regulation, and attentional 
regulation/dysregulation at 30 months? 
The results of Study 1, along with clinical experiences with at-risk toddlers and 
preschoolers with ASD, led to the prediction that all three attention constructs (RAC, IAC, 
SAE) would be predictive of individual differences in the above-mentioned outcomes at 30 
months. However, more specific hypotheses were generated from the findings of Stephens et 
al. (in prep) and Study 1. First, it was expected that all three constructs, but especially RAC 
and IAC, would be predictive of differences in social outcomes (e.g., social 
responsiveness/impairment and social engagement). Second, RAC and SAE were expected to 
be more strongly associated with, and predictive of, differences in temperamental reactivity. 
Third, SAE was expected to be most strongly predictive of differences in sensory 
responsiveness. Finally, RAC was expected to predict features of attentional self-regulation 
(e.g., effortful control, attentional shifting) and dysregulation (e.g., over-focusing). 
2) Do toddlers with unique attention profiles at 12 months differ in social and sensory 
responsiveness, temperament reactivity, and attentional regulation/dysregulation at 30 
months?  
Both the FYI attention constructs and the outcomes of interest at 30 months represent 
areas of individual differences that, when elevated, can indicate risk for ASD. Thus, attention 
subgroups that may represent risk for ASD (i.e., Uniform Risk; Poor Social Attention 
Coordination) and their complements (i.e., Uniform Control; Over-focused Attention) were 
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chosen to investigate this research question. It was hypothesized that the Uniform Risk and 
Poor Social Attention Coordination groups would have significantly poorer social, sensory, 
and attentional outcomes at 30 months than the Uniform Control group.  Furthermore, it was 
hypothesized that the Poor Social Attention Coordination and Over-focused Attention groups 
would differ on sensory responsiveness and temperamental reactivity, such that the Over-
focused Attention group would have more aberrant sensory features and more negative 
affectivity. 
3.2  Methods 
Participants and Procedures. Participants for Study 2 included parents selected from 
the Early Development Project-2 (EDP-2) FYI cohort (N=8,282), excluding the dual-domain, 
high-FYI-risk children who participated in a treatment study (i.e., Study 1 Risk Cohort, 
N=96). The Study 2 Cohort therefore had a total potential sample of 8,186 participants who 
had not been assessed since the FYI at 12 months (see Table 2.1 for a summary of potential 
participants by attention profile). Parents who had given permission to be re-contacted for 
follow-up studies were called prior to their child’s 30-month birthdate to explore interest in 
participating in Study 2. Calls were made to over 700 parents between April 1, 2014 and 
September 30, 2014. An additional 297 potential participants could not be reached because of 
incorrect or unavailable contact information.  
Parents who agreed to participate (N=286) were sent an e-mail with a link to six 
questionnaires and a demographics questionnaire administered via Qualtrics. Reminder e-
mails were sent to parents who began the questionnaires and were nearing the end of the +/- 
3-week window of their child’s 30-month birthdate. “Thank you” e-mails were sent to all 
participants. Five of the six questionnaires (listed below) were used to address the research 
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questions in Study 2. An ADHD Rating Scale was included as an exploratory measure, but 
was outside the scope of the current analyses.  
All returned questionnaire data (N=199) was examined for inclusion/exclusion 
criteria. Participants were included in analyses if all surveys were completed within the 30-
month-old window (+/- 3 weeks). Participants were excluded if they aged out of the 
designated time-frame for completing questionnaires, or the participant’s parent only 
partially completed the full battery of questionnaires. A total of 180 parents completed some 
or all questionnaires within the 30-month-old window. Listwise deletion was used to 
eliminate participants with partially complete questionnaire batteries (N=20), resulting in a 
final sample of 160 30-month-olds with complete questionnaire batteries (Study 2 Cohort). 
See Table 2.2 for participant demographics comparing 160 participants with complete data 
and 20 participants with partial data. No differences in attention construct means, SRS 
scores, or demographics emerged between the two groups.  
Of the 160 participants with complete data, 65 met the expanded (30/50/70) scoring 
criteria for four attention profiles of interest: 1) Uniform Risk, N=11 (i.e., RAC+IAC+SAE 
means at or above the 70
th
 percentile cut-off values); 2) Uniform Control, N=28 (i.e.,  
RAC+IAC+SAE means at or below the 70
th
 percentile cut-off values);  3) Poor Social 
Attention Coordination, N=14 (RAC+IAC means at or above the 70
th
 percentile cut-off 
values and SAE means at or below the 50
th
 percentile cut-off value); and 4) Over-focused 
Attention, N=12 (i.e., SAE mean at or above the 70
th
 percentile cut-off value, and RAC and 
IAC means at or below the 50
th
 percentile cut-off value). A fifth group, Poor Attentional 
Flexibility (i.e., poor RAC+SAE), was originally of interest for these analyses given the 
predictive value of RAC and SAE for sensory and temperamental reactivity and attention 
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shifting outcomes (Study 1), and the finding that this profile had significantly poorer social 
responsiveness, comparable to that of Uniform Risk. However, a sample size of four was 
insufficient for comparison with the other groups. 
Measures. Questionnaires included measures of: 1) social responsiveness/impairment 
(Social Responsiveness Questionnaire-Version 2.0; SRS-2.0), 2) sensory response patterns 
(Sensory Experiences Questionnaire-Version 3.0; SEQ-3.0), 3) temperament reactivity and 
self-regulation (Early Childhood Behavior Questionnaire-Short Form; ECBQ), and 4) 
attentional regulation and dysregulation (Behavioral Dimensions Questionnaire; BDQ; and 
Kinsbourne Over-focusing Scale; KOS). In addition, a demographics questionnaire was 
administered to gather information about family income, parents’ educational level, and 
child’s history of developmental and medical diagnoses, and intervention services received.  
Social Responsiveness Scale, Second Edition. The SRS-2.0 (Constantino & Gruber, 
2012) is a 65-item rating scale developed to measure social deficits in individuals from 2.5 
years through adulthood. The SRS-2.0 yields a single total raw score, with higher values 
indicating greater severity of social impairment consistent with autistic symptomatology. 
Raw scores can be converted to T-scores based on age group to determine clinically 
significant deficits in social reciprocity. Clinically significant values of T-scores for 
preschoolers range from mild (T-score greater than or equal to 60) to moderate (T-score 
greater than or equal to 66) or severe (T-scores of 76 or higher) interference with daily social 
interactions. For further information about the SRS, see Study 1, Aim 3.  
Sensory Experiences Questionnaire-Version 3.0. The SEQ 3.0 is an expanded version 
of the SEQ (Baranek, 1999a; Baranek et al., 2006). It includes 105 items, for which 
caregivers rate, on a 5-point Likert scale, the frequency of their child’s behavioral responses 
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to sensory input across modalities (visual, auditory, tactile), contexts (social, non-social) and 
response patterns (i.e., hypo- and hyper-responsiveness, and sensory seeking). The SEQ 3.0 
yields summary scores for four sensory response patterns (hyporesponsiveness, 
hyperresponsiveness, sensory seeking, enhanced perception), two contexts (social and 
nonsocial sensory responsiveness), and total sensory responsiveness. SEQ 2.1 scoring 
algorithms can be applied to the SEQ 3.0 because the two measures share many of the same 
items. Using the SEQ 2.1 scoring algorithm makes it possible to compare sensory scores of 
the Study 2 Cohort with reference norms of a typical sample. For further information about 
the SEQ, see Study 1, Aim 2. 
Early Childhood Behavior Questionnaire-Short Form. The ECBQ (Putnam, Garstein, 
& Rothbart, 2006) is a 201-item caregiver-report designed to assess 18 dimensions across 
three factors of temperament in children between 1.5 and 3 years of age. The ECBQ-Short 
Form includes 107 items and the same rating scale and dimensions as the full ECBQ.  For 
further information, see Study 1, Aim 2. 
Behavioral Dimensions Questionnaire. The BDQ (Goldman, unpublished) includes 
30 items rated on a 5-point scale (0=never/almost never/not typical at all; 
3=sometimes/somewhat typical/half the time; 5=always/almost always/very typical; or “no 
opportunity to observe”) meant to capture behaviors that reflect a child’s attentional 
capacities across a variety of contexts. The BDQ was developed to measure attentional 
behaviors such as focused attention, appropriate dual focusing (maintaining focus while 
aware of the larger environment), distractibility, perseveration or inability to shift focus, 
inattentiveness to others’ behavioral state, and unfocused or unoccupied. Dimensions include 
behaviors that are both “positive” (e.g., enthusiastically engaged in activities) and “negative” 
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(e.g., seems spacey; awake but not really attending) to minimize development of a global 
response set.  
The BDQ is an unpublished measure that was originally developed as a supplement to 
extended observation of young children in early childhood classrooms and home settings. It 
was then adapted for use as a stand-alone caregiver report. It has only been used with small 
samples prior to its use in Study 2. Thus, scoring methods and constructs were developed for 
use with the Study 2 Cohort. Similar to the process used to develop the attention constructs 
from the FYI (Stephens et al., in prep), BDQ items were grouped into potential constructs 
using a top-down, conceptual approach. For this study, items were scored so that high scores 
indicate poor functioning/difficulty in that area. Constructs were then applied to the available 
data (N=162) to determine internal consistency (Cronbach’s alpha). Three constructs, 
comprised of 23 items (out of a possible 30 items), were identified through this method: 1) 
focused attention (9 items, α= 0.759), which refers to the ability to sustain attention and 
engage in activities, as well as to flexibly notice and respond to changes in the environment, 
return to the task at hand (e.g., shows sustained engagement/concentration for 10 minutes); 2) 
attentional control (7 items, α= 0.707), which refers to either overly focused, inflexible 
attention or highly distractible attention, or inattention (e.g., needs to be asked/told what to 
do several times); and 3) social engagement (7 items, α= 0.729), which refers to the ability, 
or lack thereof, to attend to social cues and use attention for appropriate social interactions 
(e.g., takes turns in conversation and able to stay on topic; interrupts adults when busy). 
Seven items from the BDQ (e.g., fidgets; tired/drowsy; fussy/clingy) were excluded from the 
three constructs because they did not fit well with those attentional control constructs. See 
Table 2.3 for a list of items for each construct. 
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Pearson correlations were applied to the three BDQ attentional control constructs 
from 161 participants to determine relations with outcomes from well-validated measures, 
including the ECBQ (attention focusing; attention shifting; effortful control; 
surgency/extraversion) and the Kinsbourne Over-focusing Scale (over-focusing). It was 
expected that BDQ’s focused attention and attentional control would be negatively 
correlated with ECBQ’s attention focusing, attention shifting, and effortful control and 
positively correlated with Kinsbourne’s mean over-focusing. BDQ’s social engagement was 
predicted to be positively correlated with ECBQ’s surgency/extraversion. All three BDQ 
constructs were significantly negatively correlated with ECBQ’s attention focusing, attention 
shifting, and effortful control, and were significantly positively correlated with Kinsbourne’s 
over-focusing (r’s = 0.30-0.57, p’s<0.0001). BDQ’s social engagement was not correlated 
with ECBQ’s surgency/extraversion as expected; however, BDQ’s attentional control was 
significantly, negatively related to ECBQ’s surgency/extraversion. The BDQ constructs were 
all positively correlated with each other (r’s = 0.527-0.618, p’s< 0.0001). See Table 2.4 for 
all correlations. 
Kinsbourne Overfocusing Scale. The KOS (Kinsbourne, 1991) is a 25-item checklist 
that requires caregivers to rate, on a scale from 0 (never) to 3 (very often), the degree to 
which their child demonstrated the listed behaviors during the past 6 months. Scores range 
from 0–75, with high scores representing greater over-focusing. The scale was created to 
assess behaviors of children referred for ADHD who have an over-focused rather than 
distractible attentional style (Kinsbourne & Caplan, 1979). A factor analysis revealed one 
factor, representing behaviors of perseveration and social withdrawal, in a normative and 
clinical sample (Kinsbourne, 1991). 
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Data Analysis. Outcomes of interest for Study 2 included social 
responsiveness/impairment, sensory responsiveness, temperament (reactivity and regulation), 
and attentional regulation/dysregulation.  
Social responsiveness/impairment was measured as a total raw score of all items from 
the SRS 2.0. Higher scores represent greater difficulty with social reciprocity and the 
presence of more impaired social skills, including social awareness, social cognition, social 
motivation, social communication, and restricted interests/repetitive behaviors. SRS total raw 
scores were also converted to T-scores. Analyses were conducted with both raw scores and t-
scores, yielding the same results. Results with raw scores are reported in all analyses for 
consistency with Study 1, which included SRS-P total raw scores. Although these two 
measures are slightly different, the scoring and constructs are similar enough to warrant this 
consistency. To highlight clinically significant scores, T-scores were identified for the 5 
highest total raw scores in the Study 2 Cohort.  
Sensory responsiveness was measured as mean scores for three sensory response 
patterns collapsed across context and modality according to SEQ 2.1 scoring critieria: 1) 
hyporesponsiveness (i.e., lack of or delayed response to sensory input), 2) 
hyperresponsiveness (i.e., avoidance of or defensive response to sensory input), and 3) 
seeking (i.e., craving sensory input). Higher scores represent more elevated sensory 
symptoms. 
Temperament, including features of reactivity and regulation, was measured using 
three main outcomes: surgency/extraversion, negative affectivity, and effortful control. 
Higher scores for surgency/extraversion and negative affectivity represent more 
frequent/elevated reactivity behaviors. Lower scores for effortful control reflect less frequent 
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use of self-regulation skills. Subscales measuring attention-related outcomes were also 
evaluated, including: attention shifting and attention focusing (subscales of effortful control 
that measure the ability to flexibly move attention and sustain attention, respectively). 
Sensory-related subscales of both reactivity patterns were also evaluated, including: high-
intensity pleasure (a sensory-related subscale of surgency/extraversion measuring enjoyment 
resulting from experiences with high stimulus intensity, rate, complexity, or novelty), and 
perceptual sensitivity and discomfort (sensory-related subscales of negative affectivity 
measuring the ability to detect low-intensity stimuli and negative affect related to intensity, 
rate or complexity of sensory stimuli, respectively). 
Attentional regulation/dysregulation was measured with the BDQ and KOS. The 
following outcome variables were derived from the BDQ: 1) focused attention, 2) attentional 
control, and 3) social engagement; and from the KOS: 1) over-focusing. For all of these 
outcomes, mean scores were calculated, with higher scores representing more difficulty in 
that domain of attention. 
The first objective of this study was to evaluate associations between attention 
constructs at 12 months, and the social, sensory, temperament, and attentional outcomes at 30 
months, as measured by parent-report for children who had a wide range of FYI risk scores 
but did not meet dual-domain risk criteria for ASD at 12 months on the FYI. Regression 
analyses were conducted for each outcome of the five parent-report questionnaires to 
determine the degree to which the three attention constructs (RAC, IAC, SAE) are associated 
with, and predictive of, social responsiveness/impairment, sensory responsiveness, 
temperament, and attentional regulation/dysregulation at 30 months. Influence indicators 
and scatterplots were inspected to identify outliers for each outcome. 
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The second objective of this study was to evaluate between-group (Uniform Risk vs. 
Uniform Control vs. Poor Social Attention Coordination vs. Over-focused Attention) 
differences in the above-mentioned outcomes at 30 months with a series of one-way 
ANOVAs and post-hoc, two-tailed t-tests. Boxplots and scatterplots were visually inspected 
to detect potential outliers in each group for each outcome.  
Analyses were run with and without outliers, and results were compared. For cases in 
which removal of outliers did not impact the statistical significance of results, the full 
model’s results are reported. For cases in which removal of outliers did impact the statistical 
significance of results, the model’s results with and without outliers are reported and 
discussed. All statistical analyses were conducted using SAS (SAS Institute, Inc., Cary, NC, 
USA).  
3.3  Results 
3.3.1  Social Responsiveness/Impairment 
 Individual differences. Together, the three attention constructs were significantly 
predictive of SRS total raw scores, accounting for 21.16% of the variance in social 
responsiveness/impairment at 30 months when the outlier is removed (versus 17.8% of the 
variance with the outlier included). Of the three attention constructs, RAC and SAE were 
significant contributors to differences in SRS total raw scores for models with and without an 
outlier. IAC’s regression coefficient was not uniquely statistically significant for either 
model. When the outlier was removed, RAC’s regression coefficient was reduced slightly, 
whereas SAE’s regression coefficient became slightly stronger, but both remained 
statistically significant (see Table 3.2).  
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Group differences. SRS total raw scores also differed significantly as a function of 
attention profile (model with 1 outlier removed; see Table 2.5). Post-hoc t-tests showed that 
Uniform Risk, Poor Social Attention Coordination, and Over-focused Attention had 
significantly higher mean SRS total raw scores than Uniform Control (see Table 2.5). 
Uniform Risk also had a significantly higher mean SRS total raw score than Over-focused 
Attention. When the outlier was included in the model, only Uniform Risk and Poor Social 
Attention Coordination had statistically significantly worse SRS scores than Uniform 
Control.  
Extreme cases. Exploring the full range of SRS total raw scores revealed one outlier 
that had strong influence indicators. This case had an extreme SRS score of 123 and was 
represented in the Poor Social Attention Coordination profile (the next highest SRS score in 
that group was 42). Review of this case’s demographics revealed that this participant has 
sensory processing and language delays and receives early intervention services, and has a 
sibling with autism. Thus, while it is possible that this child’s SRS score is legitimate given 
his/her developmental difficulties, this score represents an extreme value outside the scope of 
the Study 2 Cohort, and the attention profile for which this case is classified.  
Additionally, the five highest and lowest SRS raw scores were converted to T-scores 
using the conversion scoring chart for preschoolers (SRS 2.0; Constantino & Gruber, 2012). 
These cases’ FYI risk scores, attention construct scores, and attention profiles at 12 months 
were explored and are reported in Table 2.6. The five highest SRS total raw scores ranged 
from 50-123, with three scores above the clinically significant T-score cut-off of 60. Of these 
5 cases, three had FYI risk percentiles between 83 and 89. Three cases were represented in 
attention profiles. The case with the highest raw score (123; T-score=81), representing severe 
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social impairment, had an FYI risk percentile of 87%, but did not meet the original FYI dual-
domain risk criteria for the EDP-2 intervention. This case met criteria for the sensory-
regulatory risk domain, but not the social-communication domain. The five lowest SRS total 
raw scores ranged from 4-5 (T-scores of 35-36). Four of the five cases were in the 5
th
 
percentile of FYI risk and were represented in the Uniform Control attention profile. One 
case had an FYI risk percentile of 48, and was not represented in any of the attention profiles. 
Summary of social responsiveness/impairment findings. Overall, the attention 
constructs predicted individual differences in the Study 2 Cohort’s social 
responsiveness/impairment scores at 30 months. RAC and SAE, but not IAC, were 
statistically significant independent contributors to differences in social 
responsiveness/impairment scores. As in Study 1 (Aim 3), group differences in social 
responsiveness/impairment were detected between attention profiles. Uniform Risk, Poor 
Social Attention Coordination, and Over-focused Attention profiles had significantly higher 
SRS total raw scores than Uniform Control, as in Study 1. Of the three groups, Uniform Risk 
had the highest mean SRS raw scores. Furthermore, three of the five highest SRS raw scores 
were represented in the Uniform Risk and Poor Social Attention Coordination profiles, 
suggesting that these two profiles represent groups most likely to have cases with elevated 
ASD risk.  
3.3.2  Sensory Responsiveness 
Correlations of mean hyporesponsiveness, hyperresponsiveness, and seeking using the 
SEQ 2.1 scoring approach and the SEQ 3.0 scoring approach were significant (r’s = 0.89, 
0.93, and 0.94, respectively, p’s<0.0001). Therefore, the SEQ 2.1 scoring approach was used 
for all subsequent analyses to compare the results of this sample to the norms established 
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with the SEQ 2.1 scoring approach, and to draw comparisons with the sensory results in 
Study 1, which utilized the SEQ 2.1.  
Sum scores for each sensory construct were compared to reference norms for typical 
children from the SEQ 2.1 to characterize the range of sensory risk in the Study 2 Cohort. 
Means, standard deviations, and ranges of the sum scores for hyporesponsiveness, 
hyperresponsiveness, and seeking for the Study 2 Cohort were comparable to the SEQ 2.1 
reference norms for each sensory construct (see Table 2.7). Therefore, the established cut-off 
values for typical, at-risk, and deficient ranges for each sensory construct were used to 
characterize the Study 2 Cohort. SEQ scores for hyporesponsiveness and 
hyperresponsiveness were represented in the typical, at-risk, and deficient categories, and 
SEQ scores for seeking were represented in the typical and at-risk categories, but not the 
deficient range.  
Individual differences. Separate multiple linear regressions were conducted to assess 
the predictive value of the three attention constructs for mean sensory scores of the three 
sensory response patterns. Three outliers were detected for both hypo- and hyper-
responsiveness, and two of those cases were also detected as outliers for seeking. Analyses 
with and without these cases were conducted, and results were compared. Overall model 
significance and regression coefficient significance did not change with removal of the 
outliers; thus, the results of the full model with all cases are reported (see Table 3.1).  
Separate regression analyses revealed that, together, the three attention constructs 
significantly predicted mean scores for the three sensory outcomes: hyporesponsiveness, 
hyperresponsiveness, and sensory seeking (See Table 3.1). The three constructs explained 
8.19% of the variance in hyporesponsiveness (versus 9.69% variance with outliers removed), 
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9.99% of the variance in hyperresponsiveness (versus 11.37% variance with outliers 
removed), and 22.15 % of the variance in seeking (versus 18.43% variance with outliers 
removed). SAE significantly, independently contributed to differences in 
hyperresponsiveness and seeking, and RAC significantly contributed to differences in 
hyporesponsiveness. IAC and SAE were not significant independent contributors to 
hyporesponsiveness scores. In fact, IAC’s regression coefficients were not uniquely 
statistically significant for any of the sensory outcomes.  
Group differences. Separate one-way ANOVAs were conducted to compare the four 
attention profiles on the three sensory outcomes: hyporesponsiveness, hyperresponsiveness, 
and sensory seeking. Means and standard deviations for each outcome for each group are 
available in Table 2.5. Four outliers for the seeking outcome were detected (1 from Uniform 
Risk, 1 from Uniform Control, 2 from Poor Social Attention Coordination). ANOVAs with 
and without these outliers were conducted and results were compared. Although the 
statistical significance for seeking remained, additional contrasts were statistically significant 
when outliers were removed from the model. Therefore, both sets of results for seeking only 
are reported (see Table 2.5) and discussed. All other sensory outcomes were not changed by 
the removal of outliers.  
Hyporesponsiveness and hyperresponsiveness mean scores differed significantly as a 
function of attention profile (see Table 2.5). Post-hoc t-tests showed that both Uniform Risk 
and Poor Social Attention Coordination had significantly higher hyporesponsiveness mean 
scores than Uniform Control. Only Uniform Risk had significantly higher 
hyperresponsiveness mean scores than Uniform Control. All other comparisons were not 
significant (see Table 2.5). 
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Seeking mean scores also differed significantly as a function of attention profile (see 
Table 2.5). Both Uniform Risk and Over-Focused Attention had significantly higher mean 
seeking scores than Uniform Control and Poor Social Attention Coordination. Effect sizes 
were greater for Over-focused Attention (Cohen’s D = 2.12 and 2.01 for contrasts with 
Uniform Control and Poor Social Attention Coordination, respectively) than for the Uniform 
Risk (Cohen’s D = 1.12 and 1.01 for contrasts with Uniform Control and Poor Social 
Attention Coordination, respectively). Results with outliers removed further revealed that 
Over-focused Attention had a significantly greater mean seeking score than Uniform Risk 
(Cohen’s D = 1.0). 
Summary of sensory findings. Individual differences in hyporesponsiveness, 
hyperresponsiveness, and seeking were predicted by the three attention constructs, with poor 
responding to attention coordination (RAC) significantly associated with more 
hyporesponsiveness, and more over-focused/sensory-focused attention (SAE) significantly 
associated with more hyperresponsiveness and seeking. Seeking was the strongest of the three 
models, with 22.15% of the variance accounted for by the three attention constructs 
(compared to only 8% and 10% of variance in hypo- and hyper-responsiveness explained).  
These findings were further reflected in group differences for each sensory outcome. 
That is, groups with poor RAC had significantly greater hyporesponsiveness (Uniform Risk, 
Poor Social Attention Coordination), whereas groups with poor SAE had greater seeking 
(Uniform Risk, Over-focused Attention) and hyperresponsiveness (Uniform Risk only) 
compared to the Uniform Control group. The Over-focused Attention profile did not have 
significantly elevated hyperresponsiveness even though this group is defined as having high 
SAE and SAE is significantly associated with hyperresponsiveness. This can be explained by 
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the finding that SAE is more strongly associated with seeking than with hyperresponsiveness. 
Overall, Uniform Risk had significantly greater sensory impairment across all three sensory 
outcomes compared to Uniform Control, suggesting that this group represents the greatest 
risk for elevated ASD-related symptoms. However, profiles with poor RAC or SAE also 
have elevated sensory features for some response patterns.  
3.3.3  Temperament 
Individual differences. Separate multiple linear regressions were conducted to assess 
the predictive value of the three attention constructs for three temperament outcomes: 
surgency/extraversion, negative affectivity, and effortful control, and several subscales: 
attention shifting, high-intensity pleasure, perceptual sensitivity, and discomfort. 
One outlier was detected for each of the following outcomes: negative affectivity, 
attention shifting, high-intensity pleasure, and perceptual sensitivity. Several outliers were 
detected for effortful control. All regression analyses were conducted with and without those 
cases. Overall model significance and regression coefficient significance did not change; 
thus, the results of the full model with all cases are reported (see Table 3.1) and discussed.  
The three attention constructs significantly predicted all three temperament patterns: 
surgency/extraversion, negative affectivity, and effortful control (see Table 3.1). Together, 
the constructs accounted for 10.81% of the variance in surgency/extraversion, 13.66% of the 
variance in negative affectivity, and 4.89% of the variance in effortful control at 30 months. 
Furthermore, SAE was significantly positively associated with changes in both aspects of 
reactivity: surgency/extraversion and negative affectivity. That is, toddlers with a greater 
tendency to become overly focused on and engaged with sensory stimuli at 12 months had 
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greater surgency/extraversion and more negative affectivity at 30 months. None of the 
attention constructs was significantly, uniquely associated with effortful control.  
Attentional subscales. Although all attention constructs together significantly 
predicted effortful control at 30 months, the variance explained was small, and none of the 
predictors were uniquely significantly predictive. Attention shifting, a component of effortful 
control, was hypothesized to be associated with RAC, and a regression analysis confirmed 
this. All three attention constructs significantly predicted individual differences in attention 
shifting at 30 months, accounting for 12.09% of the variance. Furthermore, RAC was 
negatively associated with attention shifting, contributing significantly to differences in 
attention shifting scores at 30 months. The other attention constructs were not significant 
contributors to differences in attention shifting. Thus, poor responsiveness to social attention 
bids at 12 months (RAC) is predictive of poor attention shifting at 30 months. Attention 
focusing was also explored with a regression analysis, but results were not significant for the 
overall model (F (2, 157) = 1.07, p=0.3644), or the individual regression coefficients.   
Sensory subscales. Associations between the attention constructs and specific 
sensory-related subscales of the three temperament factors were also explored to better 
understand the role of the attention constructs in predicting individual differences in sensory 
features. The association of SAE with the following sensory subscales from the two 
reactivity patterns was investigated: high-intensity pleasure (from surgency/extraversion), 
and perceptual sensitivity and discomfort (from negative affectivity). All three models were 
statistically significant, accounting for 6.46% of the variance in high-intensity pleasure, 
12.95% of the variance in perceptual sensitivity, and 5.28% of the variance in sensory 
discomfort (see Table 3.1). Although the variances accounted for by each outcome are small, 
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the pattern of results for the individual constructs are consistent with findings for the sensory 
outcomes from the SEQ. SAE was significantly positively associated with all three sensory-
related subscales of the ECBQ, such that higher SAE at 12 months was significantly 
associated with greater high-intensity pleasure (which refers to seeking out and enjoying 
high-intensity, complex, and novel sensory stimulation), higher perceptual sensitivity (which 
refers to the ability to detect very low-intensity stimuli), and greater sensory discomfort 
(which refers to negative affect associated with sensory qualities of stimuli). RAC was also 
significantly negatively associated with perceptual sensitivity, such that better responsiveness 
to social attention bids at 12 months (i.e., lower RAC scores) were associated with greater 
ability to detect low-intensity stimuli at 30 months (i.e., higher perceptual sensitivity scores).  
Group differences. Separate ANOVAs were conducted to compare temperament 
outcomes across the four attention profiles. Means and standard deviations for all 
temperament outcomes are reported in Table 2.8. Outliers for several outcomes were 
detected, including one outlier for each of the following outcomes: negative affectivity, 
attention shifting, perceptual sensitivity, and discomfort; and two outliers for effortful 
control. ANOVAs with and without these outliers were conducted and results were 
compared. Statistical significance and patterns of results were the same for all outcomes 
except effortful control and attention shifting. Therefore, the full model results are reported 
for all outcomes except effortful control and attention shifting. For those two outcomes, 
results with and without the outliers are reported (see Table 2.8).  
Reactivity. Regression results showed that SAE was significantly related to reactivity 
(surgency/extraversion and negative affectivity), as well as several sensory-related subscales 
of reactivity. It was expected that groups with poor SAE (Uniform Risk, Over-focused 
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Attention) would have higher mean scores for negative affectivity and the sensory-related 
subscales.  
Surgency/extraversion and high-intensity pleasure. This feature of reactivity includes 
social and sensory subscales; thus it was unclear which groups would have greater 
surgency/extraversion. It is possible that groups with poor RAC and IAC (Uniform Risk and 
Poor Social Attention Coordination) would have low surgency/extraversion because of poor 
sociability and positive anticipation (social subscales of surgency/extraversion), and/or that 
groups with elevated SAE (Uniform Risk and Over-focused Attention) would have greater 
surgency/extraversion because of elevated sensory-related subscales (high-intensity 
pleasure). These hypotheses were partially supported. Surgency/extraversion scores differed 
significantly as a function of attention profile (see Table 2.8). Post-hoc t-tests showed that 
Poor Social Attention Coordination had significantly lower surgency/extraversion scores 
than Uniform Control, confirming that poor social attention (i.e., elevated RAC and IAC 
scores) at 12 months is related to lower social interest/skills at 30 months. Over-focused 
Attention also had significantly higher surgency/extraversion scores than Poor Social 
Attention Coordination, perhaps demonstrating that an over-focused/sensory-focused 
attentional patterns (i.e., elevated SAE scores) at 12 months is related to more sensory 
seeking behaviors (i.e., positive reactivity). Indeed, Over-focused Attention had significantly 
greater high-intensity pleasure scores (a sensory-seeking subscale) than both groups with 
lower mean SAE levels (Poor Social Attention Coordination and Uniform Control). Uniform 
Risk and Uniform Control groups did not differ significantly on surgency/extraversion or 
high-intensity pleasure. 
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Negative affectivity, perceptual sensitivity and discomfort. For negative affectivity, 
and the sensory-related subscales (perceptual sensitivity, discomfort), groups with elevated 
mean SAE scores (Uniform Risk and Over-focused Attention) were expected to have 
significantly greater scores than Uniform Control (and perhaps Poor Social Attention 
Coordination). Negative affectivity scores differed significantly as a function of attention 
profile (see Table 2.8). All three risk groups had significantly higher negative affectivity 
scores than Uniform Control (see Table 2.8), with the Over-focused Attention profile 
showing the greatest mean negative affectivity at 30 months. Over-focused Attention also had 
significantly higher perceptual sensitivity scores than all other groups. Differences between 
the four attention profiles were not statistically significant for sensory discomfort; however, 
post-hoc contrasts showed that Over-focused Attention had significantly greater sensory 
discomfort than Uniform Control.  
Effortful control and attention shifting. Previous regression results revealed that none 
of the attention constructs were significantly, independently predictive of effortful control; 
however, the total model was significant. Furthermore, RAC was significantly related to 
attention shifting. Therefore, it was hypothesized that Uniform Risk (and possibly Poor 
Social Attention Coordination) would have significantly poorer effortful control scores, and 
that both Uniform Risk and Poor Social Attention Coordination would have significantly 
poorer attention shifting than Over-focused Attention and Uniform Control.  
Two outliers in effortful control (one in the Over-focused Attention group and one in 
the Poor Social Attention Coordination group) and one outlier in attention shifting (the same 
outlier in the Poor Social Attention Coordination group) were identified. ANOVAs with and 
without outliers yielded different patterns of results, which will be discussed. 
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Effortful control scores did not differ significantly among the four attention profiles, 
with or without the outliers (see Table 2.8). Removing the outliers reduced the variance in 
the Poor Social Attention Coordination and Over-focused Attention groups, and reduced the 
mean of Poor Social Attention Coordination, and raised the mean of Over-focused Attention. 
With the outliers removed, one contrast was statistically significant: Poor Social Attention 
Coordination had significantly lower effortful control scores than Uniform Control at 30 
months. This finding partially supports the hypothesis that poor RAC and IAC, potential 
indicators of orienting and executive attention integrity at 12 months, are associated with 
poorer attentional self-regulation later in development.  
When one outlier was removed from Poor Social Attention Coordination, that group’s 
mean attention shifting score and variance were reduced and attention shifting at 30 months 
was significantly different across the attention profiles (see Table 2.8). Follow-up t-tests 
confirmed that attention shifting scores were in the expected direction for the groups: 
Uniform Risk and Poor Social Attention Coordination (groups with elevated RAC scores) 
had lower attention shifting scores than Uniform Control. These contrasts were also 
significant when the outliers were included in the ANOVA. When the outliers were removed, 
Poor Social Attention Coordination also had significantly poorer attention shifting scores 
than Over-focused Attention.  
Summary of temperament findings. Overall, the attention constructs significantly 
predicted all three temperament outcomes at 30 months, and explained more variance for 
reactivity (surgency/extraversion and negative affectivity) than for self-regulation (effortful 
control). SAE was significantly, uniquely associated with differences in 
surgency/extraversion and negative affectivity, as well as several sensory-related subscales, 
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whereas none of the constructs were significantly associated with effortful control. However, 
attention shifting, a subscale of effortful control, was significantly predicted by the three 
constructs, with RAC as the only significant contributor to differences in attention shifting.  
 Group differences were also detected for both aspects of reactivity 
(surgency/extraversion, negative affectivity), and self-regulation (attention shifting). Poor 
Social Attention Coordination and Over-focused Attention had significantly different 
surgency/extraversion means compared to Uniform Control, with the former profile 
demonstrating significantly reduced surgency/extraversion and the latter demonstrating 
significantly higher surgency/extraversion. This difference in direction of 
surgency/extraversion scores can be partially explained by the significant role of SAE in 
surgency/extraversion and its sensory-related subscale, high-intensity pleasure. Over-focused 
Attention, which has elevated SAE scores, had significantly greater high-intensity pleasure 
scores than Poor Social Attention Coordination (a group with lower SAE scores).  
 Group differences in negative affectivity were detected for all risk groups compared to 
Uniform Control, indicating that a deficit in any of the attention constructs at 12 months is 
associated with greater negative affectivity at 30 months. Over-focused Attention had 
significantly greater perceptual sensitivity than all groups and greater sensory discomfort 
than Uniform Control, providing further support that SAE (and groups with elevated SAE 
means) is the strongest predictor of differences in reactivity, particularly sensory-related 
reactivity.  
It was slightly surprising that Poor Social Attention Coordination had greater negative 
affectivity than Uniform Control group because these two groups do not differ in SAE (see 
Table 2.5), and SAE has the strongest association with negative affectivity. However, 
 
 
 85 
research shows that deficits in attentional regulation are predictive of more negative 
reactivity, and the Poor Social Attention Coordination group is defined as having poor social 
attentional control.  
 Group differences in self-regulation were more difficult to interpret because of the 
presence of outliers in effortful control and attention shifting. However, removal of the 
outliers did not change the statistical significance of the overall models for these two 
outcomes; that is, effortful control remained statistically non-significant, and attention 
shifting remained statistically significant, when the outliers were not included in analyses. 
Inspection of contrasts revealed a pattern of results that aligns with the regression results in 
Studies 1 and 2. Groups with poor responsiveness to social attention (RAC) at 12 months 
(Uniform Risk, Poor Social Attention Coordination) have poorer effortful control and 
attention shifting skills at 30 months compared to groups with good RAC at 12 months 
(Uniform Control, Over-focused Attention).  
3.3.4  Attentional Regulation/Dysregulation  
Individual differences. Three outliers were detected in the regression outcomes for 
BDQ focused attention and attentional control; one outlier was detected for BDQ social 
engagement; and two outliers were noted for KOS over-focusing. Several of these cases have 
shown up as outliers across the other questionnaires. Although these outliers did not impact 
the significance or pattern of results for the previously-discussed SEQ sensory outcomes, 
slightly different patterns of results emerged for the BDQ and KOS outcomes when the 
outliers were removed. Results are reported for analyses with and without outliers for each of 
these four attention regulation/dysregulation outcomes (see Table 2.8).  
 
 
 86 
Together, all three attention constructs (RAC, IAC, SAE) significantly predicted 
BDQ focused attention, attentional control, and social engagement, as well as KOS over-
focusing, both with and without outliers in the analyses (see Table 3.2). Results for all 
outcomes were slightly stronger with the outliers removed, with the three attention constructs 
accounting for 12.34% of the variance in focused attention, 12.79% of the variance in 
attentional control, 8.33% of the variance in social engagement, and 12.37% of the variance 
in over-focusing at 30 months (outliers removed). When outliers were removed, both RAC 
and SAE were significantly, positively associated with differences in focused attention and 
over-focusing; in contrast, when outliers were included in the model, on SAE was 
significantly, independently associated with differences in these two outcomes. Both RAC 
and SAE were significant independent contributors to attentional control, regardless of the 
presence of outliers, and SAE was positively associated with social engagement. IAC did not 
significantly contribute to differences in any of the attentional control outcomes above and 
beyond RAC and SAE whether the outliers were included or excluded (see Table 3.2).  
Group differences. For the ANOVAs, two outliers were detected for attentional 
control, and one of those cases was also an outlier in over-focusing. That case is the 
individual with an SRS score of 123, and thus represents an extreme case for this population, 
as explained previously. Results for attentional control and over-focusing were compared 
with and without the outliers, and are reported in Table 2.8.  
Four attention profiles were compared on the three BDQ outcomes: focused attention, 
attentional control, and social engagement, and KOS over-focusing. Since the BDQ has not 
been previously used with such a sample, analyses were mostly exploratory. Means and 
standard deviations for each outcome for each group are available in Table 2.8. 
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Outliers were not detected for BDQ focused attention and social engagement. Given 
that the regression results revealed significant contribution of RAC and SAE for focused 
attention and SAE for social engagement, it was predicted that Uniform Risk would have 
significantly poorer focused attention and that Over-focused Attention would have 
significantly poorer social engagement. Hypotheses for focused attention were supported. 
Significant differences between the attention profiles were detected for focused attention, 
such that Uniform Risk and Poor Social Attention Coordination, but not Over-focused 
Attention, had significantly higher (worse) focused attention scores than Uniform Control 
(see Table 2.8). Significant differences were also detected for social engagement, such that 
all three risk groups (Uniform Risk, Poor Social Attention Coordination and Over-focused 
Attention) had significantly poorer social engagement than Uniform Control (see Table 2.8). 
These results are interesting because regression analyses show that only SAE significantly 
contributed to social engagement scores, but RAC showed a trend toward significance. These 
findings suggest that any deficit in attention at 12 months may be predictive of poorer 
attention to and use of appropriate social cues at 30 months.  
With two outliers removed from attentional control (one from Poor Social Attention 
Coordination and one from Over-focused Attention), the overall ANOVA was no longer 
statistically significant. However, some contrasts remained or became significant: Uniform 
Risk and Poor Social Attention Coordination had poorer attentional control than Uniform 
Control. These results are plausible given the role of poor RAC in attentional control 
outcomes in the regression analysis. However, poor SAE was also associated with attentional 
control, and this was not reflected in the significant contrasts (i.e., Overfocused Attention did 
not have significantly poorer attentional control). Further investigation into the content of 
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attentional control shows that most of those items tap inattention and distractibility, such that 
higher scores point to greater distractibility (the opposite of the Over-focused Attention 
profile).  
Finally, the four attention profiles were compared on KOS over-focusing. Mean over-
focusing scores differed significantly as a function of attention profile, regardless of outliers 
being removed. Only Uniform Risk had significantly higher (worse) mean over-focusing 
scores than both Over-focused Attention and Uniform Control. When the extreme outlier in 
Poor Social Attention Coordination was removed from the analysis, this profile was no 
longer significantly poorer in over-focusing than Uniform Control. These results are 
somewhat inconsistent with the regression analyses, which showed that both RAC and SAE 
were significantly associated with over-focusing. Most surprisingly, the Over-focused 
Attention group, which is defined as having overly-focused/sensory-focused attention at 12 
months, did not have significantly greater over-focusing at 30 months. However, further 
attention to the over-focusing scale showed that this construct includes both features of 
attentional focus and sensory processing. Thus, it makes sense that the group with both poor 
attentional orienting (RAC) and overly sensory-focused engagement behaviors (SAE) (i.e., 
Uniform Risk) would have the highest over-focusing score. 
Summary of Attentional Regulation/Dysregulation Results. The results of these 
analyses suggest that the attention constructs, particularly RAC and SAE, have predictive 
value for understanding individual and group differences in features of attentional regulation 
and dysregulation at 30 months as measured by the BDQ and KOS.  
RAC was most associated with focused attention, attentional control, and over-
focusing, such that poor responsiveness to social attention coordination bids at 12 months 
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was associated with less attentional focus and engagement and more dysregulated attention in 
the form of inattention/distractibility and over-focusing at 30 months. The group with the 
poorest attentional regulation and highest levels of attentional dysregulation was Uniform 
Risk. Although this group is defined as having poor RAC at 12 months, this group also has 
poor SAE and poor IAC. SAE was the other construct that was strongly associated with 
focused attention, attentional control, and over-focusing in the regression analyses.  
Although IAC was not independently significantly predictive of these attentional 
outcomes, it may play a role in attentional regulation outcomes. The other attention profile 
that demonstrated significantly poorer focused attention and more inattention/distractibility 
was the group with both poor RAC and IAC (i.e., Poor Social Attention Coordination), but 
not the group with poor SAE alone (i.e., Over-focused Attention).  
These attention profiles seem to demonstrate that poor RAC, in combination with 
either SAE or IAC at 12 months, produces the greatest risk for poor attentional regulation 
outcomes at 30 months, rather than just poor RAC or SAE alone. This hypothesis could not 
be fully tested in Study 2, as there were not enough participants in the RAC only profile to 
compare their attentional outcomes at 30 months. Overall, these results suggest that 
compromised RAC, either alone, or with poor SAE, or poor IAC, indicates a deficit in 
general attentional orienting and/or executive skills at 12 months. This early attentional 
deficit may lead to a reduced capacity for focused and flexible voluntary control of attention 
in the second and third years of life.  
The regression results for social engagement revealed that although the model with 
all attention constructs was statistically significantly predictive of social engagement, SAE 
was the only independent contributor of individual differences. These findings suggest that 
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more over-focused, sensory engagement at 12 months contributes to poorer social 
engagement at 30 months. This is plausible because if a child’s focus of attention is stuck on 
sensory features and repetitive play in the first year of life, he or she may be missing 
opportunities to integrate object play with social interactions and learn appropriate social 
cues. The social engagement outcome is a measure of the ability to engage in social 
interactions in an appropriate manner. Individual differences analyses revealed that RAC also 
showed a trend toward significantly contributing to poorer social attentional engagement. 
Group differences revealed that all “risk” groups (Uniform Risk, Poor Social Attention 
Coordination, and Over-focused Attention), not just those with poor SAE, had significantly 
poorer social engagement than Uniform Control.  
Given the roles of both RAC and SAE in these attentional regulation outcomes, future 
studies should investigate the Poor Attentional Flexibility (RAC+SAE) profile to see if they 
have the poorest outcomes on the BDQ and KOS. This profile was not large enough in this 
study to include in analyses. 
3.4  Study 2 Discussion 
 Across Studies 1 and 2, measures of social responsiveness/impairment, sensory 
responsiveness, and temperament reactivity and self-regulation were assessed in three 
samples of children: a normative FYI sample at 36 months (Study 1 Norm Cohort, social 
responsiveness/impairment); a restricted, high-FYI risk sample at 13-16 months (Study 1 
Cohort, sensory and temperament outcomes), and a broader ranging FYI sample at 30 
months that excluded children with the highest FYI dual-domain risk (Study 2 Cohort, social, 
sensory, temperament, and attention outcomes).Therefore, findings from Study 2 will be 
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highlighted and compared to the findings from the Study 1 Risk and Norm Cohorts when 
possible. 
Study 2 addressed two aims: 1) to determine the extent to which features of social and 
sensory attention at 12 months predict individual differences in social 
responsiveness/impairment, sensory responsiveness, temperament reactivity and self-
regulation, and attentional regulation/dysregulation at 30 months, and 2) to explore 
differences between attention profiles in these outcomes at 30 months. 
For Aim 1 (Study 2), the attention constructs together predicted individual differences 
in all social, sensory, temperament and attention regulation outcomes at 30 months. Across 
all outcomes, regression models with the three attention constructs were statistically 
significant, and the variance explained ranged from 4.89% (effortful control) to 22.15% 
(sensory seeking). In contrast, in Study 1 (Aim 2), the attention constructs predicted 
individual differences in all sensory outcomes and temperament outcomes, except effortful 
control, and the variance explained by the predictors was generally higher than in Study 2, 
ranging from 6.18% (effortful control) to 34.28% (hyporesponsiveness). Across both studies, 
while the R
2 
values were statistically significant, and thus support the predictive validity of 
the attention constructs for social, sensory, temperament, and attention outcomes, they were 
small, suggesting that other predictors beyond 12-month attentional skills may be relevant to 
individual differences in the outcomes.  
There are various explanations for the differences in the strength of associations 
between the attention constructs and outcomes across the two samples. Comparing regression 
results for the sensory outcomes, the attention constructs explained more variance in 
hyporesponsiveness for the Study 1 Risk Cohort at 13-16 month (34.28%) than for the Study 
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2 Cohort (8.19%). This difference may be explained by the timing of the measurement of the 
sensory outcomes in relation to the measurement of the attention constructs at 12 months for 
the two samples (13-16 months for Study 1 Risk Cohort versus 30 months for Study 2 
Cohort). Sensory response patterns are associated with younger maturational ages (Baranek 
et al., 2006; Baranek et al., 2013). Alternatively, differences in the degree of attentional 
deficit and range of FYI risk across the two samples may lead to differences in the strength 
of the relationship between the attention constructs and sensory outcomes. The Study 1 Risk 
Cohort represents a restricted sample of children at high risk for ASD. Sensory response 
patterns, particularly hyporesponsiveness, distinguish children with ASD from typically 
developing and developmentally delayed children (Baranek et al., 2006). A series of t-tests 
revealed that the Study 1 Risk Cohort had significantly higher means on all three attention 
constructs (i.e., a greater degree of deficit in social and sensory attention at 12 months) 
compared to the Study 2 Cohort (see Table 3.3). The Study 1 Risk Cohort may have more 
cases of ASD, whereas the Study 2 Cohort may be comprised of some children with 
developmental delays or risk for ASD, but more children who are typically developing. 
Therefore, the Study 1 Risk Cohort would likely have more sensory features in the at-risk 
and deficient range than the Study 2 Cohort. Future studies should test one large sample with 
the full range of FYI risk on sensory outcomes at multiple timepoints to better understand the 
relationship of the attention constructs to sensory outcomes across development and across 
different levels of risk for ASD.  
Individual contributions of the attention constructs to the outcomes were also 
considered for each regression model. Although some of the exact patterns of association of 
the attention constructs with sensory and temperament outcomes differed between the Study 
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1 Risk and Study 2 Cohorts, both samples generally revealed that RAC and SAE were the 
most consistent independent contributors to differences. Generally, across the two studies 
RAC was most associated with attentional regulation outcomes and SAE was most associated 
with sensory outcomes and temperamental reactivity. Furthermore, IAC was not an 
independent predictor for any of the outcomes in Study 2 and was an independent predictor 
of only one outcome (hyporesponsiveness) for the Study 1 Risk Cohort.  
For Study 2, the specific contributions of the constructs to the outcomes at 30 months 
were as follows: RAC was the only independent contributor to differences in 
hyporeresponsiveness and attention shifting at 30 months, demonstrating that poor 
responsiveness to social attention bids at 12 months is associated with more 
hyporesponsiveness (i.e., lack of or delayed orienting to sensory stimuli) and poorer attention 
shifting at 30 months. SAE was the only independent contributor to individual differences in 
several sensory and temperament outcomes, including sensory seeking, hyperresponsiveness, 
both aspects of temperament reactivity (surgency/extraversion and negative affectivity) and 
sensory-related features of temperament (high-intensity pleasure; sensory discomfort), and 
social engagement. In summary, greater over-focusing and repetitive engagement with the 
sensory environment at 12 months is associated with more seeking of sensory input (seeking; 
high-intensity pleasure); greater aversion to or avoidance of sensory stimuli 
(hyperresponsiveness; sensory discomfort); more negative and positive reactivity 
(surgency/extraversion; negative affectivity); and poorer social awareness and appropriate 
engagement in social interactions at 30 months.  
Finally, Study 2 revealed that both RAC and SAE were independent contributors to 
individual differences in several outcomes, including social responsiveness/impairment, 
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perceptual sensitivity, and several attention regulation/dysregulation outcomes (focused 
attention, attentional control, over-focusing). Poorer responsiveness to social attention and 
more over-focused, perseverative engagement with the sensory environment at 12 months is 
associated with greater difficulty with social reciprocity, heightened perceptual sensitivity, 
poorer attentional focus, more inattention and distractibility, and more over-focusing at 30 
months.  
 Studies 1 and 2 also revealed differences in sensory, temperament, social, and 
attention regulation/dysregulation outcomes between attention profiles. The results of Study 
2’s attention profiles will be reviewed here, and where possible, comparisons will be made to 
results from the Study 1 Risk and Norm Cohorts. As a reminder, Study 2 attention profiles 
included Uniform Risk (deficits in all three attention constructs), Poor Social Attention 
Coordination (deficits in the social attention constructs), Over-focused Attention (deficit in 
sensory attentional engagement), and Uniform Control (good social and sensory attention 
skills). Study 1 Risk had two attention profiles, Uniform Risk and Poor Social Attention 
Coordination, and Study 1 Norm had all eight attention profiles.  
 For Study 2 Cohort’s sensory outcomes, Uniform Risk had greater hypo- and hyper-
responsiveness, and seeking compared to the Uniform Control group. Poor Social Attention 
Coordination had greater hyporesponsiveness compared to Uniform Control, whereas Over-
focused Attention had greater seeking compared to both Poor Social Attention Coordination 
and Uniform Control. The Study 1 Risk Cohort also demonstrated that Uniform Risk had 
significantly greater hyporesponsiveness and seeking compared to the Poor Social Attention 
Coordination group. Therefore, across both studies Uniform Risk, which includes deficits in 
RAC and SAE, the two most consistent contributors to differences in sensory outcomes, had 
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the most elevated sensory responsiveness outcomes. Study 2 also revealed that a deficit in 
SAE alone (Over-focused Attention profile) is associated with more elevated sensory 
response patterns. The finding that Poor Social Attention Coordination had greater 
hyporesponsiveness shows that social attention deficits can also be associated with aberrant 
sensory responses. Together, these findings suggest a link between early attentional orienting 
and disengagement deficits and later sensory response patterns. All of these deficits are 
present from early in development for children at risk for, and diagnosed with, ASD.  
 For temperament outcomes in Study 2, the group with Poor Social Attention 
Coordination had several significant differences in features of temperament reactivity and 
self-regulation compared to Uniform Control. These differences included poorer effortful 
control and attention shifting and lower surgency/extraversion, supporting the hypothesis that 
RAC and IAC predict differences in attentional regulation and social outcomes. The Over-
focused Attention profile had significantly elevated temperament reactivity and sensory-
related temperament differences, including greater surgency/extraversion, more high-
intensity pleasure seeking, more perceptual sensitivity, and more sensory discomfort than 
Uniform Control. These findings provide further support for the association of early sensory-
focused perseverative attention (SAE) with later sensory reactivity and responsiveness. All 
three profiles with an attention deficit at 12 months had greater negative affectivity at 30 
months compared to the Uniform Control group, suggesting that any deficit in social or 
sensory attention at 12 months predicts more negative affect in the toddler/preschool years.  
 Social responsiveness in both the Study 1 Norm Cohort and Study 2 Cohort 
demonstrated that all groups with an attention deficit in one or more domains had poorer 
social responsiveness than Uniform Control. Of all the attention profiles, Uniform Risk (from 
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the Study 2 Cohort) and Uniform Risk and Poor Attentional Flexibility (from the Study 1 
Norm Cohort) had the most significantly elevated (i.e., poorer) social responsiveness scores 
compared to Uniform Control and several other attention profiles. Although these means 
were not indicative of clinically significant impairment in social responsiveness, several high 
scores above the clinically significant cut-off were represented in the Uniform Risk group, as 
well as several other attention profiles. This measure of social responsiveness, while often 
used to detect ASD, is also a quantitative measure of the broad spectrum of social reciprocity 
skills across the general population. Therefore, the attention profiles are useful in identifying 
those who are more or less likely to have better or poorer social reciprocity skills. These 
results are further supported by the finding that all three attention profiles with an attention 
deficit from the Study 2 Cohort had significantly poorer social engagement skills as 
measured by the Behavioral Dimensions Questionnaire (BDQ) compared to the Uniform 
Control profile. Overall, these differences in social outcomes between attention profiles 
further support existing research demonstrating that early differences in attention skills 
predict later individual differences in social-emotional competence. The attention profiles 
developed from the FYI thus provide a strategy for identifying different groups of children 
who may have social difficulties in the preschool years. This information could provide 
teachers and parents with an opportunity to enhance children’s attention skills in the second 
year of life and set them on a path toward more successful social-emotional skills.  
 Finally, Study 2 contributed to our understanding of the predictive ability of the 
attention constructs by assessing features of attentional regulation and dysregulation. The 
Uniform Risk and Poor Social Attention Coordination profiles, but not the Over-focused 
Attention profile, had significantly poorer focused attention and more inattention and 
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distractibility. These findings complement the results of the regression analyses, which 
revealed that RAC was the strongest, unique contributor to individual differences in 
attentional regulation and dysregulation. The Uniform Risk group also had more over-
focusing than the Over-focused Attention and Uniform Control profiles. This finding is 
supported by research in which over-focused attention and sensory processing difficulties 
often co-occur in those at the greatest risk for ASD (Liss et al., 2006).  
 Overall, the results of Study 2 complemented and extended the findings from Study 1 
by demonstrating the predictive validity of the attention constructs for social, sensory, 
temperament and attentional regulation outcomes in 30-month-olds. Differences in 
responsiveness to social attention and attentional engagement with the sensory environment 
(RAC and SAE) at 12 months predicted most of the outcomes, with RAC more associated 
with attentional outcomes and SAE more associated with sensory outcomes. Comparisons of 
the attention profiles revealed significant group differences in all outcomes as well, with the 
Uniform Risk profile most consistently showing the poorest social, sensory, temperament, 
and attentional patterns. Together, these studies demonstrate that attention constructs derived 
from the FYI are a fruitful source of information that can predict differences in social, 
sensory, temperament and attentional patterns in both a high-FYI risk sample and a more 
normative FYI risk sample.  
IV. DISCUSSION 
The broad goal of this research was to investigate the role of attention skills at 12 
months in predicting individual and group differences in social, sensory, temperament and 
attentional regulation outcomes in the toddler and preschool years. To achieve this goal, two 
studies were conducted. 
 
 
 98 
Attention constructs measuring 12-month-olds’ social and sensory attention features 
were previously developed from the First Year Inventory, and these constructs were 
validated as predictors of social responsiveness outcome at 36 months (Stephens et al., in 
prep). The constructs measure two aspects of social attention coordination: a child’s 
responsiveness to others’ bids for attention and interaction (RAC: responding to attention 
coordination), and a child’s attempts to initiate social interactions with others (IAC: initiating 
attention coordination). A third construct measures the degree to which a child engages in 
and interacts in an overly focused and repetitive manner with sensory features of objects and 
the environment (SAE: sensory attentional engagement).  
In Study 1, the predictive value of the attention constructs was further tested on well-
validated parent-report measures of sensory and reactivity/self-regulation outcomes for a 
high-FYI-risk sample. Additionally, attention profiles were developed to study group 
differences in social, sensory and reactivity/self-regulation outcomes in a normative and 
high-FYI-risk sample at different developmental timepoints. Study 2 involved extending 
these findings by collecting new data from a sample of 30-month-olds with a broad range of 
FYI risk scores. In Study 2, the predictive value of the attention constructs was further tested 
on this new sample, and attention profiles were further validated with social, sensory, 
temperament reactivity, and attentional regulation/dysregulation outcomes at 30 months.  
4.1  Overview of Findings 
Several patterns of results emerged for the attention constructs across the two studies. 
First, although the individual contributions of the constructs to the outcomes differed across 
samples and timepoints, the three attention constructs together were statistically significant 
and predictive of variance in most of the outcomes. In terms of unique contributions to 
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variance, RAC was generally associated with differences in attentional regulation outcomes 
(e.g., attention shifting from the ECBQ temperament questionnaire in Studies 1 and 2, and 
focused attention, attentional control, and over-focusing from the BDQ and KOS in Study 2). 
In contrast, SAE was generally predictive of individual differences in sensory-related 
outcomes (e.g., all three sensory response patterns of the SEQ for Studies 1 and 2, and 
sensory-related subscales of the ECBQ temperamental reactivity for Study 2). Furthermore, 
both RAC and SAE were uniquely associated with sensory outcomes (e.g., seeking from the 
SEQ and perceptual sensitivity from the ECBQ) and attentional regulation outcomes (e.g., 
attentional control from the BDQ). IAC was only uniquely predictive of differences in 
hyporesponsiveness for the Study 1 Risk Cohort. Post-hoc exploratory analyses revealed that 
when IAC was removed from the regression models, the overall significance of the models 
did not change. Thus, while IAC did not detract from the predictive validity of the attention 
constructs for social, sensory, temperament and attentional outcomes, it did not generally add 
unique value. One interpretation of this finding is that responsiveness to social attention bids 
should be well in place at 12 months, whereas initiating behaviors (e.g., pointing, using 
gestures to communicate), are only beginning to emerge. Therefore, individual differences in 
RAC at 12 months may be more predictive of later outcomes than individual differences in 
IAC.  
The attention profiles were also validated across the two studies. In both high-FYI-
risk and broader-FYI-risk samples, the attention profile with deficits in all three attention 
constructs (Uniform Risk) had the poorest social, sensory, temperament, and attentional 
outcomes. However, the Poor Social Attention Coordination profile also had significantly 
poorer outcomes compared to a Uniform Control group, particularly for hyporesponsiveness, 
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negative affectivity, and features of attentional regulation. These results align with research 
demonstrating that social attention coordination skills in the first year of life predict later 
social competence, affective reactivity patterns, and self-regulation skills (Morales et al., 
2005; Vaughan Van Hecke et al., 2007; Vaughan van Hecke et al., 2012). This study adds to 
the literature on the role of early attentional features in the development of self-regulation 
and social competence by demonstrating that overly-focused attentional engagement with the 
sensory environment at 12 months (as represented by the SAE construct and the 
Overfocused-Attention Profile) is associated with more elevated sensory features, greater 
temperamental negative reactivity, and poorer social engagement skills at 30 months. 
4.2  Implications 
 These findings suggest that attention constructs, particularly RAC and SAE, derived 
from an existing parent-report measure of 12-month-olds’ behaviors (FYI), can help predict 
later individual differences in features of self-regulation, social competence, affective 
reactivity, and sensory responsiveness in the second and third years of life. This is a unique 
contribution to the literature, as features of social attention and focused attention are typically 
measured in lab settings rather than by parent report. Parent questionnaires are a cost-
effective way to measure and track skills in the first years of life, and are increasingly being 
used to detect and identify children who are at risk for developmental delays and poor social-
emotional outcomes in the toddler and preschool years. Early identification of differences in 
attention skills that have implications for later social, sensory, affective, and attentional self-
regulation skills may allow for the development of intervention strategies that target the 
development of attentional control, and establish a more successful path toward social 
competence and attentional self-regulation.  
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 The attention profiles are also useful for detecting differences between groups of 
children on social, sensory, temperament and attentional outcomes. Even in a restricted, high-
risk sample, two attention profiles emerged with significant differences in sensory and 
temperament outcomes. Thus, these attention constructs may be used in combination with the 
FYI risk criteria to help children at high risk for ASD by targeting their unique patterns of 
attentional skills and deficits. For example, if a child is identified as meeting risk on both 
social-communication and sensory-regulatory FYI risk domains, but is then also categorized 
in the Uniform Risk profile, an interventionist might target both joint attention and 
attentional disengagement skills. In contrast, a child who fits the Poor Social Attention 
Coordination profile, may need an intervention that helps the child obtain more strategies to 
build joint attention behaviors.  
4.3  Limitations and Future Directions 
Several limitations in the findings and measures are present across both studies. First, 
IAC was not a unique predictor of the tested outcomes. However, the attention profiles 
suggest that IAC in combination with RAC deficits leads to poorer outcomes, and the 
presence of IAC in the regression models did not detract from the model’s overall 
significance. Future studies should accrue a large enough sample to compare the Poor 
Initiating (IAC only) profile with the Poor Social Attention Coordination profile (RAC+IAC) 
to further determine the role of an IAC deficit alone in later outcomes. Also, it is possible 
that IAC on its own is not predictive of the outcomes that were assessed in Studies 1 and 2. 
Initiating joint attention has been found to be predictive of social-emotional approach and 
response inhibition, two outcomes that were not measured in these studies.  
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Another limitation is that the attention constructs did not predict effortful control in 
either study. However, effortful control involves a wide set of skills that have a protracted 
developmental course, and attention shifting, a subscale of effortful control that should be 
present at 12 months, was predicted by the attention constructs. Nevertheless, effortful 
control may be more reliably measured in the fourth year of life when more of the relevant 
skills are present. Future studies should follow these 30-month-olds to track their 
development of effortful control skills and determine the predictive value of the attention 
constructs for behaviors that emerge in the fourth year.  
Further, these studies were limited to parent questionnaire data. Although informative 
and cost-effective, some outcomes of interest, such as joint attention behaviors and emotion 
regulation strategies at 30 months, were not amenable to measurement using parent report. 
Lab-based measured of these skills were collected, and anecdotal observations suggest that 
the children from different attention profiles exhibited different levels of joint attention 
behaviors and different patterns of attentional and emotional self-regulation skills. Future 
research should code these behavioral outcomes and investigate the ability of the parent-
reported attention features to detect differences in these observed behaviors.  
Finally, although many of the outcomes for the regression analyses were statistically 
significant, the variance explained by the three attention constructs was low, ranging from 
6% to 34%. Other predictors of social, sensory, temperament and attentional outcomes 
should be considered and assessed, including child IQ and language skills, and family 
variables such as income and maternal education to establish a context for evaluating 
variance explanation.  
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4.4  Conclusions 
 These studies validated the use of constructs measuring early features of attentional 
control from an existing parent-report questionnaire to predict individual and group 
differences in social, sensory, temperament and attentional regulation outcomes in the toddler 
and preschool years. The constructs were used to create attention profiles that were shown to 
be effective in detecting differences in outcomes for both a restricted sample with high risk 
for ASD and a broader sample with a range of risk for ASD-related symptoms. These 
attention constructs and profiles have the potential to inform our understanding of the impact 
of early differences in infant attention behaviors; to inform efforts at early identification of 
risk for later social, sensory, and attentional regulation deficits, as well as risk for ASD; and 
to develop interventions that focus on the needs of individual children.  
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Table 1.1. Cut-off scores for three constructs using the expanded (30/50/70) scoring criteria derived 
from attention construct means of the Complete FYI Cohort (N=9,582).  
 
 30
th
 Percentile 50
th
 Percentile 70
th
 Percentile 
RAC 1.214 1.321 1.464 
IAC 1.375 1.5 1.75 
SAE 1.5 1.727 2 
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Table 1.2. Sample size for each attention profile using Restricted (30/70) and Expanded 
(30/50/70) scoring criteria for Three FYI Cohorts 
 
R
A
C
 
IA
C
 
S
A
E
 
Attentional 
Profile 
Complete FYI 
N=9,582 
Study 1 Norm 
N=732 
Study 1 Risk 
N=96 
30/70 30/50/70 30/70 30/50/70 30/70 30/50/70 
+ + + 
Uniform 
Risk 
922 923 95 95 60 61 
+ + - 
Poor Social 
Attention 
Coordination  
365 723 24 57 7 19
a
 
+ - + 
Poor 
Attentional 
Flexibility  
235 347 18 32 1 1 
- + + 
Poor 
Interactive 
Engagement 
130 265 13 27 0 0 
+ - - 
Poor 
Responding  
131 347 6 20 1 2 
- + - 
Poor 
Initiating  
199 563 16 39 1 1 
- - + 
Over-
focused 
Attention  
424 800 33 67 0 0 
* * * 
Uniform 
Control 
1042 1036 35 35 0 0 
   No Profile 6094 4578 492 360 24 11 
Notes: + = score >70
th
 percentile;  - = score <30
th
 percentile for restricted (30/70) or <50
th
 percentile for 
expanded (30/50/70); * = score < 30
th
 percentile; 
a
1 participant removed for incomplete data
 
 
  
1
0
6
 
Table 1.3. Description of eight attention profiles using expanded (30/50/70) scoring criteria 
Attention Profile Descriptions 
Uniform Risk 
(poor RAC+IAC+SAE) 
This group has mean scores at or above 70
th
 percentile cut-off values for all three attention constructs. Individuals 
in this group are characterized as having poor skills in responding to and initiating coordinated social attention 
bids, as well as having an over-focused and sensory-focused style of engagement. Responding behaviors may 
include not readily responding to adult bids for attention and/or interaction, failing to reciprocate adult-initiated 
communications and interactions such as imitative games or failing to or showing very little affective 
engagement. Initiating behaviors include seldomly initiating bids for an adult’s attention and using few, if any, 
communicative gestures. Sensory/over-focused behaviors may include engaging in repetitive actions on objects 
(e.g., spinning a toy repeatedly) and with their bodies (e.g., kicking feet or wiggling fingers in front of eyes 
repeatedly). 
Poor Social Attention 
Coordination  
(RAC+IAC) 
This group has mean scores at above the 70
th
 percentile for RAC and IAC, and at or below the 50
th
 percentile for 
SAE. This group is characterized as having poor skills in responding to and initiating skills as described in the 
uniform risk group; however, they do not have an over-focused, perseverative or sensory-focused style of 
engagement. While they are not overly engaged in the sensory environment in a manner that might raise concern, 
they are also not particularly responsive to or engaged with social partners, nor do they seek out social 
engagement through attention and affect sharing.  
Poor Attentional Flexibility 
(RAC+SAE) 
This group has mean scores at above the 70
th
 percentile for RAC and SAE, and at or below the 50
th
 percentile for 
IAC. This group is characterized as having poor responding to social attention bids and an over-focused, sensory-
focused engagement style. That is, when parents initiate bids to share attention or engage and interact, the child 
may fail to respond or respond infrequently, and they are often overly focused on objects, toys and the sensory 
environment, interacting with those things in a perseverative manner. However, this group does initiate 
interactions and bids for attention from caregivers. Overall, this group’s behaviors indicate poor flexibility of 
attention in response to both social and nonsocial stimuli, but an ability to seek out social interactions.  
Poor Interactive Engagement  
(IAC+SAE) 
This group has mean scores at above the 70
th
 percentile for IAC and SAE, and at or below the 50
th
 percentile for 
RAC. This group is also defined by split social attention skills and over-focused sensory/attentional engagement. 
However, the split social attention skills are in the opposite direction of the RAC+SAE group. That is, this group 
seems to focus on their own play and fail to initiate with other when interacting with objects and the sensory 
environment, but they do respond when others initiate interactions or request attention.  
Poor Responding  
(RAC) 
This group has mean scores at above the 70
th
 percentile for RAC and scores at or below the 50
th
 percentile for 
IAC and SAE. This group initiates interactions with others and is not overly focused and perseverative with 
objects and sensory features of the environment. However, they fail to respond, or respond infrequently to others’ 
bids for attention and interaction. This failure to respond is not coupled with an over-focused style of engagement 
with objects and sensory features of the environment, suggesting that there is a lack of social motivation, rather 
than a disengagement/over-arousal deficit.  
Poor Initiating  
(IAC) 
This group has mean scores at above the 70
th
 percentile for IAC and scores at or below the 50
th
 percentile for 
RAC and SAE. This group generally responds to others’ bids and is not overly focused on the sensory 
environment, suggesting that they do not have an inflexible attention system. However, they fail to, or very 
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infrequently, make bids for attention from social partners. This group may just be shy or socially reserved, but not 
socially unresponsive or inflexible and over-aroused. 
Over-focused Attention 
(SAE) 
This group has mean scores at above the 70
th
 percentile for SAE and scores at or below the 50
th
 percentile for 
RAC and IAC. This group responds to and initiates social attention coordination bids. However, they are reported 
to have a sensory-focused, perseverative manner when engaging with objects, toys, and the sensory environment. 
Behaviors may include playing with a limited number of toys in a restricted or repetitive manner and engaging 
with sensory aspects of the environment in a manner that may enhance the sensory experience (e.g., spinning an 
object over and over; kicking feet again and again). However, in contrast to the poor social attention coordination 
profile, this group is engaged in, responsive to, and seeking of social attention. When engaged in the sensory 
environment, they seem perseverative and inflexible, perhaps suggesting some over-arousal or dysregulation, or 
an immature, sensory-focused style of engaging with objects. 
Uniform Control 
(good RAC+IAC+SAE) 
This group has mean scores at or below the 30
th
 percentile cut-off values for all three attention constructs. This 
group is characterized as having good social attention coordination skills (both initiating with and responding to 
social partners) AND no sensory/attentional engagement issues of concern. This group is the direct contrast to the 
Uniform Risk profile. 
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Table 1.4. Means and Group Differences for FYI Risk Domains, Attention Constructs, Sensory Responsiveness and Temperamental Reactivity 
and Self-Regulation Outcomes for Study 1 Norm Cohort (N=369)
a
 
 STUDY 1 NORM COHORT (36 months) 
 TOTAL 
N=369 
Mean 
(SD) 
RISK1 N=95 
Mean  
(SD) 
RAC+IAC2 
N=57 
Mean  
(SD) 
RAC+SAE3 
N=32 
Mean  
(SD) 
IAC+SAE4 
N=26 
Mean  
(SD) 
RAC5 
N=20 
Mean 
(SD) 
IAC6 
N=38 
Mean  
(SD) 
SAE7 
N=66 
Mean 
(SD) 
CONTROL8 
N=35 
Mean  
(SD) 
F 
 FYI Risk Domains (12 months old) 
Social-Comm  8.66 
(8.99) 
15.06 
(8.95) 
1>3-8**** 
16.04 
(9.76) 
2>3-8**** 
7.53 
(6.77) 
3>2,7,8**** 
4.71 
(4.09) 
4>8* 
7.18 
(5.01) 
5>7,8** 
5.05 
(4.80) 
6>7,8* 
1.71 
(2.22) 
1.07 
(2.41) 
41.03**** 
 
Sensory-Reg 6.55 
(7.09) 
7.66 
(7.77) 
1>2&8***6**** 
1<3* 
3.75 
(4.58) 
10.60 
(8.01) 
3>4* 
2,6&8**** 
6.31 
(5.20) 
4>6&8* 
 
7.29 
(7.01) 
5>2,6**, 
8* 
2.56 
(4.25) 
9.61 
(7.91) 
7>4*; 
2,6&8**** 
2.76 
(3.89) 
9.29**** 
Total Risk 7.61 
(6.18) 
11.36 
(7.13) 
1>4,6,7,8**** 
1>3*,5** 
9.89 
(5.95) 
2>4*** 
2>6-8**** 
9.07 
(6.40) 
3>4*,7** 
3>6&8**** 
5.51 
(3.16) 
4>8** 
7.23 
(4.75) 
5>6*,8*** 
3.81 
(3.12) 
5.66 
(4.06) 
7>8*** 
1.92 
(2.14) 
18.81**** 
 
Risk Percentile 53.92 
(28.23) 
70.69 
(22.57) 
1>5**; 
4,6,7,8**** 
66.30 
(24.04) 
2>4*** 
2>6,7&8**** 
62.44 
(26.41) 
3>4*,6&8****
7** 
46.65 
(20.88) 
4>6*,8**** 
55 
(26.03) 
5>6** 
8**** 
34.37 
(28.00) 
6>8* 
46.32 
(25.47) 
7>6*,8**** 
20.74 
(17.28) 
25.12**** 
 
 FYI Attention constructs (12 months old) 
RAC Mean 1.45 
(0.29) 
1.70 
(0.21) 
1>3-8**** 
1.71 
(0.21) 
2>3&5-8**** 
1.57 
(0.11) 
3>4&6-8**** 
1.21 
(0.09) 
4>8* 
1.56 
(0.11) 
5>4&6-
8**** 
1.21 
(0.08) 
6>8* 
1.19 
(0.10) 
7>8* 
1.12 
(0.07) 
142.09**** 
IAC Mean 1.76 
(0.53) 
2.17 
(0.38) 
1>3,5,7,8**** 
1>4,6** 
2.19 
(0.40) 
2>3,5,7&8**** 
2>4,6** 
1.37 
(0.15) 
3>6****;8** 
 
1.97 
(0.26) 
4>3,5,7&8**** 
1.32 
(0.15) 
5>8* 
2.01 
(0.37) 
6>5,7&8**** 
1.24 
(0.17) 
1.15 
(0.13) 
112.31**** 
SAE Mean 1.96 
(0.48) 
 
2.28 
(0.24) 
1>2,5,6,8**** 
1.51 
(0.18) 
2>8*** 
2.35 
(0.28) 
3>2,5,6,8**** 
2.27 
(0.20) 
4>2,5,6,8**** 
1.50 
(0.16) 
5>8* 
1.48 
(0.17) 
6>8* 
2.34 
(0.32) 
7>2,5,6&
8**** 
1.34 
(0.14) 
171.44**** 
 Social Responsiveness (SRS-P) 
SRS Total 
Raw Score 
25.53 
(14.14) 
33.23 (17.59) 
1>2,6,7,8**** 
1>4,5** 
24.23 
(10.77) 
2>8** 
 
29.31 
(14.18) 
3>8*** 
3>6,7* 
24.88 
(11.04) 
4>8* 
23.8 
(10.41) 
5>8* 
21.65 (9.18) 
6>8* 
22.23 
(11.91) 
7>8* 
15.17  
(9.35) 
9.37**** 
Notes: a 3 outliers removed from the following groups: SAE: SRS score = 88; IAC: SRS score = 101, and IAC+SAE: SRS score = 85.  *p≤0.05; **p≤0.01; ***p≤0.001; 
****p≤0.0001
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Table 1.5. Comparison of FYI risk domains, attention constructs, sensory responsiveness and 
temperament outcomes across attention profiles of the Study 1 Risk Cohort 
 STUDY 1 RISK COHORT (13-16 months) 
Outcomes 
TOTAL 
(N=95) 
Mean (SD) 
RISK 
(N=61) 
Mean (SD) 
RAC+IAC 
(N=19) 
Mean (SD) 
t-value,  
Effect 
Size 
 FYI Risk Domains (12 months old) 
Social-Communication  
Risk Criteria ≥ 20.5 
32.12 (7.84) 33.08 (7.92) 31.49 (8.21) 
0.76       
0.1997 
Sensory-Regulatory 
Risk Criteria ≥ 12.0 
20.19 (8.87) 21.80 (9.31) 16.75 (5.70) 
2.23
*
    
0.5863 
Total Risk 26.16 (6.77) 27.44 (7.00) 24.12 (5.74) 
1.88        
0.4934 
Risk Percentile 98.59 (1.48) 98.89 (1.28) 98.21 (1.51) 
1.92        
0.5048 
 FYI Attention constructs (12 months old) 
RAC Mean 
(30/50/70) 
1.214/1.321/1.464 
2.03 (0.33) 2.08 (0.33) 1.938 (0.30) 
1.65    
0.4333 
IAC Mean 
(30/50/70) 1.375/1.5/1.75 
2.58 (0.53) 2.62 (0.46) 2.73 (0.45) 
-0.90    
    -0.2363 
SAE Mean 
(30/50/70) 1.5/1.727/2 
2.24 (0.55) 2.54 (0.39) 1.54 (0.13) 
11.10
****
     
2.9176 
 Sensory Responsiveness (SEQ-2.1; 13-16 mo.) 
HYPO 2.01 (0.68) 2.13 (0.71) 1.75 (0.41) 
2.22*
 
   
0.5822 
HYPER 2.01 (0.52) 2.03 (0.51) 1.92 (0.44) 
0.82    
0.1654 
SEEK 2.54 (0.58) 2.70 (0.57) 2.22 (0.48) 
3.31
**
   
0.7360 
 Temperament Reactivity/Regulation (ECBQ; 13-16 mo.) 
Surgency/Extraversion 4.32 (0.75) 4.34 (0.74) 4.58 (0.75) 
-1.19     
-0.2031 
Negative Affectivity 3.12 (0.75) 3.29 (0.70) 2.68 (0.58) 
3.48
***
    
0.5401 
Effortful Control 3.83 (0.70) 3.86 (0.66) 3.72 (0.75) 
0.75    
0.1182 
Attention Shifting 4.01 (0.92) 4.02 (0.91) 4.07 (0.98) 
-0.20     
-0.0424 
Note:
 *p≤0.05; **p≤0.01; ***p≤0.001; ****p≤0.0001 
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Table 1.6. Correlations of attention constructs with FYI risk domains, sensory response 
patterns, and temperamental reactivity/self-regulation for the Study 1 Risk Cohort 
 Study 1 Risk Cohort (N=95, 13-16 months) 
 RAC Mean IAC Mean SAE Mean 
FYI Original Domains  
Social Communication Risk  0.693
****
 0.677
****
 0.164 
Sensory-Regulatory Risk 0.304
**
 0.205
*
 0.550
****
 
Total Risk 0.601
****
 0.526
****
 0.455
****
 
Risk Percentile 0.535
****
 0.502
****
 0.373
***
 
Attention Constructs  
RAC Mean -- 0.379
***
 0.283
**
 
IAC Mean -- -- 0.056 
Sensory Response Patterns 
(SEQ 2.1) 
   
HYPO Mean 0.464
****
 0.390
****
 0.378
***
 
HYPER Mean 0.182 0.113 0.354
***
 
SEEKING Mean -0.101 -0.112 0.419
****
 
Temperament Reactivity and 
Regulation (ECBQ) 
   
Surgency/Extroversion Mean          -0.251
*
 -0.090 -0.015 
Negative Affectivity Mean           0.131 0.006 0.451
****
 
Effortful Control Mean           -0.206
*
 -0.108 0.074 
Attention Shifting Mean -0.401
****
 -0.247
*
 -0.005 
Attention Focusing Mean 0.169 -0.019 0.163 
Note:
 *p≤0.05; **p≤0.01; ***p≤0.001; ****p≤0.0001 
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Table 2.1.  Potential participants for Study 2 Cohort across eight attention profiles 
RAC IAC SAE Description Proposed Criteria: 
30/70 
Adjusted Criteria: 
30/50/70 
Potential 
Participants in 30-
month-old age range 
+ + + Uniform risk 689 689 101 
+ + - 
RAC+IAC 
Poor social attention coordination 
skills (good sensory/attention 
engagement) 
316 606 
 
 
  
72 
+ - + RAC+SAE 
Poor responding (good initiating) 
AND poor sensory/attentional 
engagement  
202 282 41 
- + + IAC+SAE 
Poor initiating (good responding) 
AND sensory/attentional 
engagement  
103 200 29 
+ - - RAC 
Poor responding ONLY  
117 310 50 
- + - IAC 
Poor initiating ONLY  
179 509 72 
- - + 
SAE 
Poor Sensory/Attentional 
Engagement ONLY 
363 676 96 
* * * Uniform control (good 
responding and initiating; good 
sensory/attentional engagement) 
970 971 128 
- - - Total in a Profile 2939 4263 589 
- - - No Profile 5227 3923 550 
   Total Sample 8165 8186 1139 
Notes: + = score >70
th
 percentile (poor);  - = score <50
th
 percentile (good); * = score < 30
th
 percentile (ideal) 
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Table 2.2. Comparison of demographics for the Study 2 participants with complete data versus incomplete data 
 Participants with Complete Data 
N (%) 
Participants with Incomplete Data 
N (%) 
Total Participants 160 20 
Gender (female) 84 (52.5%) 13 (65%) 
Attention Construct Means and SRS Scores   
RAC Mean 1.332 1.289 
IAC Mean 1.593 1.613 
SAE Mean 1.681 1.746 
Mean SRS Total Raw Score (SD) 25.162 (14.645) 22.94 (8.17) 
Diagnosis   
ASD 0 0 
Speech or Sensory Processing 7 (4.375%) 0 
Other/DD 1 (0.625%) 0 
Intervention History   
Speech; OT/PT; Developmental/Play 11 (6.875%) 1 (5%) 
Maternal Education   
High school/GED 4 (2.5%) 0 
Associates degree 16 (10%) 5 (25%) 
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College degree 61 (38.125%) 6 (30%) 
Masters/Professional degree 79 (49.375%) 9 (45%) 
Annual household income   
Less than $45,000 16 (10%) 3 (15%) 
45,001 to 60,000 17 (10.625%) 3 (15%) 
60,001 to 90,000 37 (23.125%) 4 (20%) 
90,000 to 150,000 47 (29.375%) 7 (35%) 
Greater than 150,000 41 (25.625%) 3 (15%) 
Did not answer 2 (1.25%) 0 
Race   
White 143 (89.375%) 17 (85%) 
African-American 3 (1.875%) 2 (10%) 
Asian 1 (0.625%) 0 
Other / mixed  12 (7.5%) 1 (5%) 
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Table 2.3. Final clustering of BDQ items in attentional regulation constructs. 
Behavioral Dimensions Questionnaire 
Focused Attention 
α = 0.759 
Attentional Control 
α = 0.707 
Social Engagement 
α = 0.729 
1. Listens 5. highly distractible/easily startled/attention 
to changes interferes with activity 
4. speaks up/off topic 
3. Enthusiastically engaged 7. needs to be asked/told what to do several 
times 
12. initiates conversations/interactions 
6. Acknowledges questions/comments, but returns 
to own activity 
9. not restless, but moving; floats and 
engages briefly 
13. repeatedly tries to interact with other 
children/adults when they’re busy 
8. Shows sustained interest and engagement for 20 
minutes 
16. needs help to stay on task 20. annoys/disrupts others when busy 
10. Attends with eyes and ears when taught 
something new 
18. spacey, out of it, not really attending 26. takes turns in conversation; able to 
stay on topic 
14. Persistent, goal-directed behavior 24. driven to find one thing/person, do one 
activity, even when encouraged to change 
activity 
27. interrupts adults when busy 
17. Focused concentration 25. starts to respond when told to get/do 
something, seems to forget goal 
30. rejects/ignores overtures from 
others; unwilling to change 
19. Shows sustained interest and engagement for 
10 minutes 
  
28. Shows sustained interest and engagement for 5 
minutes 
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Table 2.4. Correlations of BDQ attentional regulation constructs with the ECBQ and Kinsbourne Over-focusing Scale outcomes 
for Study 2 Cohort 
BDQ Attentional 
Control 
Constructs 
Attentional 
Control 
Social 
Engagement 
ECBQ 
Attention 
Focusing 
ECBQ 
Attention 
Shifting 
ECBQ 
Effortful 
Control 
ECBQ 
Surgency/ 
Extraversion 
Kinsbourne 
Over-focused 
Attention 
Focused 
Attention 
0.5273
****
 0.4926
****
 -
0.5756
****
 
-0.5263
****
 -0.5683
****
 -0.0771 0.3069
****
 
Attentional 
Control 
 0.6177
****
 -
0.4895
****
 
-0.5347
****
 -0.5517
****
 -0.1559
*
 0.4776
****
 
Social 
Engagement 
  -
0.3559
****
 
-0.5008
****
 -0.4852
****
 0.0893 0.4051
****
 
Note:
 *p≤0.05; **p≤0.01; ***p≤0.001; ****p≤0.0001
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Table 2.5. Comparison of FYI risk domains and attention constructs at 12 months and social 
and sensory outcomes at 30 months across attention profiles of the Study 2 Cohort 
 STUDY 2 COHORT (30 months old) 
 TOTAL 
(N=160) 
Mean 
(SD) 
RISK
1
 
(N=11) 
Mean 
(SD) 
RAC+IAC
2
 
(N=14) 
Mean (SD) 
SAE
3
  
(N=12) 
Mean (SD) 
CONTROL
4
 
(N=28) 
Mean (SD) 
F 
  FYI Risk Domains (12 months old) 
Social-
Communication 
5.15 
(6.703) 
11.41 
(6.763) 
1>3&4
****
 
15.35 
(6.065) 
2>3&4
****
 
1.33 (2.06) 0.46 (1.71) 52.45
****
 
 
Sensory-Regulatory 
3.94 
(5.481) 
6.57 
(4.413) 
1>4
*
 
2.89 (4.909) 6.96 (6.28) 
3>2
*
,4
**
 
2.04 (4.53) 3.89
*
 
 
Total Risk 
4.55 
(4.510) 
8.987 
(4.180) 
1>3
***
,4
****
 
9.13 (3.999) 
2>3
***
,4
****
 
4.15 (3.07) 
3>4
*
 
1.25 (2.32) 24.05
****
 
 
Risk Percentile 
37.59 
(28.59) 
66.27 
(21.56) 
1>3
**
,4
****
 
67.29 
(21.79) 
2>3
***
, 4
**** 
37.08 (2.54) 
3>4
**
 
14.86 (17.54) 26.30
****
 
 
 FYI Attention Constructs (12 months old) 
RAC Mean 
1.33 
(0.24) 
1.68 (0.16) 
1>3&4
**** 
1.67 (0.14) 
2>3&4
****
 
1.19 (0.12) 
3>4
*
 
1.10 (0.07) 129.48
****
 
 
IAC Mean 
1.54 
(0.40) 
1.99 (0.18) 
1>3&4
****
 
2.06 (0.27) 
2>3&4
****
 
1.18 (0.11) 1.21 (0.15) 109.88
****
 
 
SAE Mean 
1.68 
(0.37) 
2.22 (0.15) 
1>2&4
****
 
1.42 (0.15) 
 
2.31 (0.38) 
3>2
****
,
 
4
****
 
1.30 (0.12) 107.98
****
 
 
 Social Responsiveness (SRS-2.0) 
SRS Total Raw Score 
25.16 
(14.65) 
33.91 
(10.19) 
1>4
**
 
32.78 
(28.01) 
2>4
**
 
24.92 
(13.06) 
15.75 (10.03) 5.79
****
 
SRS Total Raw Score 
(1 outlier removed
2
) 
24.57 
(12.44) 
33.91 
(10.19) 
1>3
*
, 4
****
 
25.85 
(10.94) 
2>4
**
 
24.92 
(13.06) 
3>4
*
 
15.75 (10.03) 
 
8.63 
 
 Sensory Responsiveness (SEQ-3.0) 
HYPO 
1.42 
(0.40) 
1.65 (0.44) 
1>4
**
 
1.55 (0.49) 
2>4
*
 
1.44 (0.41) 1.25 (0.26) 
3.97
*
 
 
HYPER 
1.83 
(0.38) 
2.04 (0.30) 
1>4
**
 
1.89 (0.35) 1.85 (0.43) 1.66 (0.31) 
3.23
*
 
 
SEEK 
1.93 
(0.55) 
2.22 (0.53) 
1>2
*
,4
**
 
1.79 (0.48) 2.53 (0.56) 
3>2
***
,4
****
 
1.63 (0.46) 10.03
****
 
 
SEEK (1 outlier
1
; 2 
outliers
2
; 1 outliers
4
) 
1.91 
(0.53) 
2.08 (0.32) 
1>2
*
, 4
**
 
1.63 (0.31) 2.53 (0.56) 
3>1
*
,2&4
****
 
1.58 (0.39) 14.32
****
 
 
Note:
 *p≤0.05; **p≤0.01; ***p≤0.001; ****p≤0.0001 
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Table 2.6. Extreme Observations of SRS Total Raw Scores for Study 2 Cohort 
SRS Extreme 
Scores 
FYI 
SC 
FYI 
SR 
FYI 
Risk 
FYI Risk 
Percent 
RAC 
Mean 
IAC 
Mean 
SAE 
Mean 
Attentional 
Profile 
Highest Total 
Raw Scores 
and T-Scores 
        
Raw score=123 
T-Score=81 
 
13.25 12.5 12.875 87 1.679 
(≥70th) 
1.875 
(≥70th) 
1.458 
(≤50h) 
RAC+IAC 
Raw score=70 
T-Score=61 
23.25 0 11.625 83 1.429  
(50-
70
th
) 
2.5 
(≥70th) 
1.625 
(30-50
th
) 
No profile 
(almost 
RAC+IAC) 
Raw score=68 
T-Score=60 
2.75 0 1.375 17 1.39  
(50-
70
th
) 
1.75 
(≥70th) 
1.958 
(50-70
th
) 
No profile 
(almost 
Uniform 
Risk) 
Raw score=51 
T-Score=54 
18.5 8.75 13.625 89 1.893 
(≥70th) 
1.5 
(50
th
) 
1.292 
(≤30th) 
RAC 
Raw score=50 
T-Score=53 
2.75 12 7.375 61 1.536 
(≥70th) 
1.875 
(≥70th) 
2.417 
(≥70th) 
Uniform 
Risk 
Lowest Total 
Raw Scores 
and T-scores 
        
Raw score =5 
T-score=36 
0 0 0 5 1.143 
(≤30th) 
1.375 
(≤30th) 
1.5 
(≤30th) 
Uniform 
Control 
Raw score =5 
T-score=36 
0 0 0 5 1 
(≤30th) 
1 
(≤30th) 
1.125 
(≤30th) 
Uniform 
Control 
Raw score =5 
T-score=36 
0 0 0 5 1.214 
(≤30th) 
1.25 
(≤30th) 
1.25 
(≤30th) 
Uniform 
Control 
Raw score =5 
T-score=36 
0 10.5 5.25 48 1.357 
(≤50th) 
1.125 
(≤30th) 
1.292 
(≤30th) 
No profile 
(almost 
Uniform 
Control) 
Raw score =4 
T-score=35 
0 0 0 5 1.071 
(≤30th) 
1.375 
(≤30th) 
1.25 
(≤30th) 
Uniform 
Control 
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Table 2.7. Comparison of Study 2 Cohort’s (N=160) sensory response patterns means with 
SEQ 2.1 reference norms for typical children 
Sensory 
Response 
Patterns 
 
Mean 
(SD) 
 
Range of 
Scores 
(N=160) 
Reference Norms 
for Typical 
Children (SEQ 2.1 
Manual) 
Cut-offs for: 
Typical; At Risk; 
Deficient Ranges 
HYPO Sum 
9.93 
(2.78) 
7.0-20.0 8.68 (1.91) 6-10; 11-12; 13-30 
     
HYPER Sum 
27.45 
(5.70) 
16.0-43.00 24.08 (4.62) 14-29; 30-34; 35-70 
     
SEEK Sum 
25.14 
(7.12) 
13.0-46.0 29.74 (8.68) 13-38; 39-47; 48-65 
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Table 2.8. Comparison of temperament and attention regulation/dysregulation outcomes at 30 
months across attention profiles of the Study 2 Cohort 
 STUDY 2 COHORT (30 months old) 
 TOTAL 
(N=160) 
Mean 
(SD) 
RISK
1
 
(N=11) 
Mean (SD) 
RAC+IAC
2
 
(N=14) 
Mean (SD) 
SAE
3
  
(N=12) 
Mean 
(SD) 
CONTROL
4
 
(N=28) 
Mean (SD) 
F 
 Temperament Reactivity and Regulation (ECBQ) 
Surgency/Extraversion 
4.99 
(0.56) 
5.04 (0.55) 4.66 (0.49) 
2<4
**
 
5.47 (0.47) 
3>2
***
 
5.11 (0.47) 
 
5.27
**
 
 
Negative Affectivity 
2.72 
(0.45) 
2.86 (0.36) 
1>4
**
 
2.73 (0.37) 
2>4
*
 
2.91 (0.32) 
3>4
***
 
2.48 (0.36) 5.58
**
 
Effortful Control 
4.92 
(0.59) 
4.65 (0.76) 4.72 (0.68) 4.87 (0.71) 5.02 (0.50) 1.22 
(p=0.3101) 
Effortful Control (1 
outlier
2
; 1 outlier
3
) 
4.93 
(0.56)  
4.65 (0.76) 4.59 (0.48) 
2<4
*
 
5.04 (0.44) 5.02 (0.50) 2.67 
(p=0.0545) 
Attention Shifting 
5.14 
(0.70) 
4.78 (0.71) 
1<4
*
 
4.83 (0.78) 
2<4
*
 
5.33 (0.80) 5.29 (0.64) 2.57  
(p=0.06) 
Attention Shifting (1 
outlier
2
) 
5.13 
(0.69) 
4.78 (0.71) 
1<4
*
 
4.69 (0.60) 
2<3&4
**
 
5.33 (0.80) 5.29 (0.64) 3.64
*
 
 
High-Intensity 
Pleasure 
4.48  
(1.11) 
4.58 
(1.21) 
4.23 
(1.42) 
5.30 
(0.64) 
3>2
*
,4
**
 
4.27 
(0.91) 
2.89
*
 
Perceptual Sensitivity 
3.83 
(0.98) 
4.03 
(0.87) 
3.51 
(0.84) 
4.90 
3>1
*
, 2
***
, 
4
****
 
3.60 
(0.95) 
6.70*** 
Discomfort 
2.06 
(0.78) 
2.04 
(0.83) 
1.91 
(0.68) 
2.23 
(0.45) 
3>4
*
 
1.79 
(0.58) 
1.45 
(p=0.2349) 
 Attention Regulation/Dysregulation (BDQ and Kinsbourne) 
Focused Attention 
1.93 
(0.55) 
2.19 (0.47) 
1>4
**
 
2.23 (0.69) 
2>4
**
 
2.01 (0.58) 1.71 (0.37) 4.51
**
 
 
Attentional Control 
1.92 
(0.58) 
2.08 (0.49) 2.23 (0.75) 
2>4
**
 
2.10 (0.64) 1.71 (0.44) 3.23
*
 
 
Attentional Control (1 
outlier
2
; 1 outlier
3
) 
1.89 
(0.54) 
2.08 (0.49) 
1>4
*
 
2.09 (0.53) 
2>4
*
 
1.95 (0.40) 1.71 (0.44) 2.55 
 
Social Engagement 
2.24 
(0.64) 
2.42 (0.60) 
1>4
*
 
2.50 (0.72) 
2>4
**
 
2.53 (0.73) 
3>4
**
 
1.96 (0.49) 4.38
***
 
 
Overfocusing 
0.56 
(0.31) 
0.69 (0.32) 
1>4
**
 
0.61 (0.37) 
2>4
*
 
0.47 (0.23) 0.41 (0.25) 3.53
*
 
 
Overfocusing (1 
outlier
2
) 
0.55 
(0.30) 
0.69 (0.32) 
1>3
*
, 4
**
 
0.54 (0.30) 0.47 (0.23) 0.41 (0.25) 3.37
*
 
 
Note:
 *p≤0.05; **p≤0.01; ***p≤0.001; ****p≤0.0001 
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Table 3.1. Attention constructs predicting sensory and temperament outcomes for Study 1 Risk and Study 2 Cohorts 
 
STUDY 1 RISK  
(N=95; 13-16 months old) 
STUDY 2 
(N=160; 30 months old) 
Outcomes 
RAC 
b (SE) 
IAC 
b (SE) 
SAE 
b (SE) 
Overall 
F, R
2
 
RAC 
b (SE) 
IAC 
b (SE) 
SAE 
b (SE) 
Overall  
F, R
2
 
 Sensory Responsiveness (SEQ 2.1) Sensory Responsiveness (SEQ 3.0) 
HYPO Mean 
0.574
**
     
(0.194) 
0.342
**
 
(0.118) 
0.350
**
 
(0.109) 
15.82
****
 
0.3428 
0.418
*
 
(0.165) 
-0.028 
(0.098) 
0.134 
(0.084) 
4.64
**
 
0.0819 
HYPER Mean 
0.094 
(0.170) 
0.071 
(0.103) 
0.315
**
 
(0.097) 
4.81
**
 
0.1370 
0.134 
(0.156) 
0.172 
(0.093) 
0.186
*
 
(0.080) 
5.78
***
 
0.0999 
SEEK Mean 
-0.374
*
 
(0.180) 
-0.062 
(0.109) 
0.510
**** 
(0.101) 
9.09
****
 
0.2306 
-0.058 
(0.210) 
0.012 
(0124) 
0.707
****
 
(0.107) 
14.79
****
 
0.2215 
 Temperament Reactivity/Regulation (ECBQ) Temperament Reactivity/Regulation (ECBQ) 
Surgency/Extraversion 
-0.616
*
 
(0.259) 
0.014 
(0.157) 
0.085 
(0.146) 
2.16 
0.0663 
-0.427 
(0.230) 
-0.159 
(0.136) 
0.365
*
 
(0.118) 
6.30
***
 
0.1081 
Surgency/Extraversion  
(-3 outliers) 
-0.681
**
 
(0.251) 
-0.005 
(0.146) 
-0.004 
(0.136) 
3.13
*
 
0.0965 
    
Negative Affectivity 
0.030 
(0.237) 
-0.034 
(0.144) 
0.613
****
 
(0.134) 
7.76
****
 
0.2036 
0.307 
(0.181) 
-0.081 
(0.107) 
0.392
*
 
(0.093) 
8.23
****
 
0.1366 
Effortful Control 
-0.495
*
      
(0.241) 
-0.036 
(0.146) 
0.181 
(0.136) 
2.00 
0.0618 
-0.334 
(0.248) 
-0.119 
(0.147) 
-0.123 
(0.127) 
2.67
*
 
0.0489 
Attention Shifting 
-1.086
**
 
(0.295) 
-0.183 
(0.180) 
0.188 
(0.167) 
6.78
***
 
0.1827 
-1.143
****
 
(0.284) 
0.134 
(0.168) 
0.004 
(0.145) 
7.15
***
 
0.1209 
High-Intensity Pleasure 
 
0.014 
(0.466) 
-0.249 
(0.276) 
0.736
**
 
(0.238) 
3.59
*
 
0.0646 
Perceptual Sensitivity 
-0.847
*
 
(0.396) 
-0.026 
(0.234) 
0.881
****
 
(0.203) 
7.74
****
 
0.1295 
Discomfort 
-0.178 
(0.329) 
0.061 
(0.195) 
0.496
**
 
(0.168) 
2.90
*
 
0.0528 
Note:
 *p≤0.05; **p≤0.01; ***p≤0.001; ****p≤0.0001 
 
      
 
121 
 
Table 3.2. Attention constructs predicting social responsiveness and attention 
regulation/dysregulation outcomes for Study 2 Cohort 
 
STUDY 2 
(N=160; 30 months old) 
Outcomes 
RAC 
b (SE) 
IAC 
b (SE) 
SAE 
b (SE) 
Overall  
F, R
2
 
 Social Responsiveness (SRS-2.0) 
SRS Total Raw Score 
17.779
*
 
(5.760) 
3.087 
(3.411) 
7.556
**
 
(2.949) 
11.26
****
 
0.1780 
SRS Total Raw Score (1 outlier) 
13.489
*
 
(4.821) 
3.31 
(2.84) 
9.031
**
 
(2.461) 
13.86
****
 
0.2116 
 Attention Regulation/Dysregulation (BDQ; KOS) 
Focused Attention 
0.490* 
(0.225) 
0.181 
(0.133) 
0.174 
(0.115) 
7.05
***
   
0.1194 
Focused Attention  
(3 outliers) 
0.562
** 
(0.214) 
0.041 
(0.129) 
0.249
*
 
(0.121) 
7.18
***
 
0.1234 
Attentional Control 
0.664
**
 
(0.238) 
-0.024 
(0.141) 
0.270
*
 
(0.122) 
6.69
***
   
0.1140 
Attentional Control (3 outliers) 
0.614
**
 
(0.224) 
-0.122 
(0.134) 
0.349
**
 
(0.117) 
7.48
****
 
0.1279 
Social Engagement  
0.500 
(0.265) 
-0.003 
(0.157) 
0.330
*
 
(0.136) 
4.73
**
 
0.0833 
Over-focusing 
0.387
*
 
(0.128) 
-0.066 
(0.076) 
0.123 
(0.066) 
5.67
***
 
0.0984 
Over-focusing (2 outliers) 
0.367
**
 
(0.121) 
-0.043 
(0.072) 
0.160
*
 
(0.066) 
7.24
****
 
0.1237 
Note:
 *p≤0.05; **p≤0.01; ***p≤0.001; ****p≤0.0001 
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Table 3.3. Comparison of attention construct means of Study 1 Risk Cohort and Study 2 
Cohort 
 RAC Mean t-value IAC Mean t-value SAE Mean t-value 
Study 1 Risk Cohort 
(N=95) 
2.016  
(0.311) 
19.63
****
 
2.569 
(0.518) 
17.77
****
 
2.218 
(0.537) 
9.43
****
 
Study 2 Cohort 
(N=160) 
1.332  
(0.238) 
1.539 
(0.396) 
1.681 
(0.367) 
S1 RISK  
(N=61) 
2.058 
 (0.300) 
4.06
****
 
2.611 
(0.450) 
4.50
****
 
2.524 
(0.376) 
2.63
*
 
S2 RISK  
(N=11) 
1.680  
(0.157) 
1.989 
(0.181) 
2.220 
(0.149) 
S1 RAC+IAC 
(N=19) 
1.938  
(0.298) 
3.10
**
 
2.732 
(0.445) 
5.00
****
 
1.537 
(0.133) 
2.37
*
 
S2 RAC+IAC 
(N=14) 
1.671  
(0.140) 
2.063 
(0.267) 
1.420 
(0.150) 
Note:
 *p≤0.05; **p≤0.01; ***p≤0.001; ****p≤0.0001 
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Figure 1.1. Distribution of the RAC Mean for the Complete FYI Cohort  
(N=9,582) with expanded (30/50/70) scoring criteria  
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Figure 1.2. Distribution of the IAC Mean for the Complete FYI Cohort  
(N=9,582) with expanded (30/50/70) scoring criteria 
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Figure 1.3. Distribution of the SAE Mean for the Complete FYI Cohort  
(N=9,582) with expanded (30/50/70) scoring criteria  
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APPENDIX 1. OPERATIONAL DEFINITIONS OF FYI ATTENTION 
CONSTRUCTS 
 
Attention Constructs Definitions 
Responding to Attention Coordination 
(RAC) 
Refers to an adult’s initiation of a bid for attention and/or 
interaction with a child, and the child’s subsequent response 
(or lack of response, or delayed response). The adult must 
clearly be initiating an interaction with the child or bidding 
for attention for a variety of purposes through a behavioral, 
affective, or communicative act. These bids can include 
vocalizations, gestures, facial expressions, bodily actions, 
and/or offering, showing, or acting on a toy or object, 
directed toward the child. The child’s response may involve 
orienting (turning to or looking at), or reciprocating with an 
action in response to an adult-initiated bid. Items were 
excluded from RAC if: a) the direction of the interaction 
was not clear (i.e., who is the initiator versus the responder); 
b) the child was the initiator rather than the adult; or c) the 
child’s response involved negative affective or sensory 
reactivity (or lack thereof) to an adult’s bid. 
Initiating Attention Coordination 
(IAC) 
Refers to a child’s active bid for a social partner’s attention 
for a variety of purposes, including drawing attention to 
him- or herself, acquiring a desired object, toy, or other 
item, or engaging in a desired activity. The child must 
clearly be initiating an interaction with an adult or bidding 
for attention (for a variety of purposes) from an adult 
through a behavioral, emotional, or communicative act 
(including gaze, gestures, and/or vocalizations). Research 
suggests that initiating joint attention and initiating 
behavioral requests can be considered related constructs 
involving slightly different levels of skill and underlying 
motivation. IAC collapses across these two distinctions. 
Items were excluded from IAC if: a) the direction of the 
interaction is not clear (i.e., who is the initiator and who is 
the responder), or b) the adult is the initiator of the 
interaction or bid for attention.  
Sensory Attentional Engagement 
(SAE) 
Refers to the degree to, and manner in which a child attends 
to and/or acts on objects, sensory features of objects, or 
his/her own body. Behaviors can include visually 
examining, acting on or exploring objects, body parts, or 
sensory features. Examples of behaviors that may represent 
SAE include visual focus on objects, sensory stimuli, or 
body parts, focused or limited exploration, or perseverative 
action repertoires. Items were excluded from SAE if they 
suggested that the child’s behavior involved automatic, 
reflexive orienting or reactivity to sensory stimuli.  
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APPENDIX 2. ITEMS COMPRISING FYI ATTENTION CONSTRUCTS 
 
New FYI Constructs 
Responding to Attentional 
Coordination (RAC) 
Initiating Attentional  
Coordination (IAC) 
Sensory and Attentional 
Engagement (SAE) 
1. Looks when name is called 7. Looks at your face for comfort 13. Rocks body back and forth 
4. Excited when knows what will happen 
next 
19. Tries to get your attention to 
show things 
17. Presses against things 
10. Turns to look at pointed out object 20. Tries to get your attention for 
interactive games 
30. Repeats simple activity 
over and over 
12. Looks at people when they talk 21. Tries to get your attention to 
obtain a toy 
33. Enjoys staring at bright 
lights 
14. Looks up from play when shown new 
toy 
22. Tries to get your attention for 
physical games 
37. Gets stuck on playing with 
a part of a toy 
24. Imitates mouth sounds 29. Tries to get attention by sound 
and gaze 
42. Enjoys rubbing or 
scratching objects 
25. Imitates body movements 34. Uses communicative gestures 44. Enjoys making objects spin 
over and over 
26. Imitates activities with objects 38. Uses finger to point at things 45. Enjoys kicking feet over 
and over 
35. Responds to “Where’s ____?”  46. Stares at fingers while 
wiggling them 
49. When you introduce your baby to a new 
game, how he/she responds 
 47. Your baby’s typical play 
with a favorite toy 
50. What you have to do to get your baby to 
look up from playing with a favorite toy 
 48. Your baby’s interest in toys 
on a typical day 
52. What you have to do to get your baby to 
turn to you 
 59. Does baby keep a toy or 
object in mouth 
53. What you have to do to get your baby to 
smile or laugh at you 
  
58. What baby typically does when you 
start a game by imitating 
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APPENDIX 3. FYI ORIGINAL RISK SCORING VERSUS DIMENSIONAL 
SCORING 
 
FYI Item Never Seldom Sometimes Often 
1. Does your baby turn to look at you when you call your baby’s 
name? 
<1
b
 1
b
 8
a
 91 
4 3 2 1 
2. Does your baby seem bothered by loud sounds? 8
a
 39 46 7
a
 
+ 
3. Does your baby seem overly sensitive to your touch (for example, 
fuss or pull away when you touch him or her)? 
64 31 5
a
 <1
b
 
+ 
4. During familiar games like “I’m gonna get you,” does your baby 
get excited because he or she knows what will happen next? 
<1
b
 <1
b
 8
a
 92 
4 3 2 1 
5. Does your baby seem to have trouble hearing? 94 5
a
 1
b
 <1
b
 
++ 
6. When you and your baby are facing each other, does your baby 
turn his or her eyes to avoid looking at you? 
53 30 15
a
 2
b
 
+ 
7. In new or strange situations, does your baby look at your face for 
comfort? 
1
b
 6
a
 40 53 
4 3 2 1 
8. Does your baby ignore loud or startling sounds? 34 42 21 3
b
 
+ 
9. Does your baby spit out certain textures of foods, such as lumpy 
or chunky pieces? 
11 25 48 16
a
 
++ 
10. When you point to something interesting, does your baby turn to 
look at it? 
1
b
 4
b
 39 56 
4 3 2 1 
11. Is your baby content to play alone for an hour or more at a time? 27 29 31 13
a
 
++ 
12. Does your baby look at people when they begin talking, even 
when they are not talking directly to your baby? 
<1
b
 3
b
 44 53 
4 3 2 1 
13. Does your baby rock his or her body back and forth over and 
over? 
54 24 15 7
a
 
1 2 3 4 
14. Does your baby look up from playing with a favorite toy if you 
show him or her a different toy? 
<1
b
 2
b
 39 59 
4 3 2 1 
15. Does your baby get upset when you need to switch your baby 
from one activity to another one? 
7 35 53 5
a
 
+ 
16. Is it easy to understand your baby’s facial expressions? <1b 1b 14a 85 
* 
17. Does your baby forcefully press his or her face, head, or body 
against people or furniture? 
38 27 24 11
a
 
1 2 3 4 
18. Does your baby smile while looking at you? <1
b
 <1
b
 9
a
 91 
* 
19. Does your baby try to get your attention to show you something 
interesting? 
7
a
 16 40 37 
4 3 2 1 
20. Does your baby try to get your attention to play games like peek-
a-boo? 
5
a
 15 41 39 
4 3 2 1 
21. Does your baby try to get your attention to obtain a favorite toy 
or food? 
2
b
 9
a
 32 57 
4 3 2 1 
22. Does your baby try to get your attention to play physical games, 
like swinging, tickling, or being tossed in the air? 
10
a
 23 40 26 
4 3 2 1 
23. When your baby is awake and you pick him or her up, does your 
baby’s body feel loose or floppy? 
81 14
a
 4
b
 1
b
 
** 
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24. Does your baby copy or imitate you when you make sounds or 
noises with your mouth? 
1
b
 4
b
 32 63 
4 3 2 1 
25. Does your baby copy or imitate your actions, like sticking out 
your tongue, clapping your hands, or shaking your head? 
<1
b
 2
b
 23 75 
4 3 2 1 
26. Does your baby copy or imitate you when you do something 
with a toy or object, like shaking a rattle or banging a spoon on the 
table? 
<1
b
 1
b
 22 77 
4 3 2 1 
27. Is it difficult to calm your baby once he or she becomes upset? 20 62 17 1
b
 
+ 
28. Are your baby’s sleeping and waking patterns regular from day 
to day? 
1
b
 4
b
 20 75 
** 
29. Does your baby try to get your attention by making sounds and 
looking at you at the same time? 
1
b
 4
b
 30 65 
4 3 2 1 
30. Does your baby get stuck doing a simple activity over and over? 36 45 16 3
b
 
1 2 3 4 
31. Does your baby seem interested in other babies his or her age? <1
b
 5
a
 28 67 
** 
32. Does your baby babble by putting sounds together, such as ‘ba-
ba’, ‘ga-ga-ga’, or ‘ba-dee’? 
<1
b
 1
b
 8
a
 91 
** 
33. Does your baby enjoy staring at a bright light for long periods of 
time? 
49 32 15
a
 4
b
 
1 2 3 4 
34. Does your baby use gestures such as raising arms to be picked 
up, shaking head, or waving bye-bye? 
<1
b
 3
b
 12
a
 85 
4 3 2 1 
35. When you say “Where’s (a familiar person or object)?” without 
pointing or showing, will your baby look at the person or object 
named? 
4
b
 10
a
 35 51 
4 3 2 1 
36. Does your baby use the first finger and tip of the thumb to pick 
up a very small object like a raisin or a Cheerio? 
<1
b
 1
b
 5
a
 94 
** 
37. Does your baby seem to get stuck on playing with a part of a toy 
(such as an eyeball, label, wheel or tag), instead of the whole toy? 
14 32 39 15
a
 
1 2 3 4 
38. Does your baby communicate with you by using his or her finger 
to point at objects or pictures? 
12
a
 18 24 46 
4 3 2 1 
39. Do you get the feeling that your baby plays or communicates 
with you less now than in the past? 
80 14 5
a
 1
b
 
** 
40. Do your baby’s eyes line up together when looking at an object? 1b 1b 3b 95 
** 
41. Are your baby’s feeding patterns regular from day to day? 1b 2b 19 78 
** 
42. Does your baby enjoy rubbing or scratching toys or objects for 
long periods of time? 
49 34 13
a
 4
b
 
1 2 3 4 
43. Does your baby seem to get his or her body stuck in a position or 
posture that is hard to move out of? 
70 23 6
a
 1
b
 
** 
44. Does your baby enjoy making objects spin over and over in the 
same way? 
32 33 27 8
a
 
1 2 3 4 
45. While lying down, does your baby enjoy kicking his or her feet 
over and over for long periods of time? 
42 33 19 6
a
 
1 2 3 4 
46. Does your baby stare at his or her fingers while wiggling them in 
front of his or her eyes? 
32 35 27 6
a
 
1 2 3 4 
FYI Item Response choices Previous 
scoring 
New 
scoring 
47. Which of the following a. Uses the toy in more or less the same way all the time. 12
a
 4 
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best describes your baby’s 
typical play with a favorite 
toy? 
b. Occasionally finds a new way to play with the toy. 55 2.5 
c. Often explores new ways to play with the toy 33 1 
48. Which of the following 
describes your baby’s 
interest in toys on a typical 
day? 
a. Plays with one or two special toys most of the time. 3
b
 4 
b. Plays with a small number of toys (3–5). 27 2.5 
c. Plays with a large number of toys (6 or more). 70 1 
49. When you introduce 
your baby to a new game 
(peek-a-boo, so-big, patty-
cake, etc.) how does your 
baby respond? 
a. Almost always joins in immediately without any help. 29 1 
b. Usually joins in, with a little help. 63 2 
c. Joins in only with a lot of help 6
a
 3 
d. Doesn’t seem very interested in new baby games. 2b 4 
50. What do you typically 
have to do to get your baby 
to look up from playing 
with a favorite toy? 
a. Just show him or her different toy 43 1 
b. Move, shake or make a noise with the different toy 54 2.5 
c. Take the favorite toy away and give your baby the different 
toy 
3
b
 4 
51. What is your baby's 
usual reaction to somewhat 
painful experiences, like 
bumping his or her head? 
a. Doesn't seem to notice 4
b
 + 
b. Reacts a little but gets over it quickly 93 
c. Seems very sensitive or cries for a long time 3
b
 
52. What do you typically 
have to do to get your baby 
to turn towards you? 
a. Simply say your baby's name 71 1 
b. Say your baby's name several times 25 2 
c. Say your baby's name loudly or use other means, such as 
clapping 
4
b
 3 
d. Your baby doesn't do this yet <1
b
 4 
53. What do you typically 
have to do to get your baby 
to smile or laugh at you? 
a. Smiling and laughing is enough 92 1 
b. Usually need to touch and tickle 8
a
 2 
c. Usually need to swing and bounce <1
b
 3 
d. Your baby doesn't do this yet <1
b
 4 
54. On a typical night, how 
many hours does your baby 
sleep? 
a. 12 or more 13 ** 
b. 10-11 71 
c. 8-9 14 
d. 7 or fewer 2
b
 
55. On a typical night, how 
many times does your baby 
wake up? 
a. 0 times 51 ** 
b. 1-2 times 43 
c. 3 or more times 6
a
 
56. Which of the following 
best describes your baby’s 
skill level? 
a. Walks independently 48 ** 
b. Walks with hand(s) held, holding a push-toy, or holding 
onto furniture. 
44 
c. Pulls to stand but doesn’t walk yet 6a 
d. Does not pull up to stand yet 2
b
 
57. Which of the following 
best describes your baby’s 
typical day? 
a. Almost never gets upset 28 ** 
b. Gets upset and needs to be calmed 1–3 times. 59 
c. Gets upset and needs to be calmed 4-6 times. 11
a
 
d. Gets upset and needs to be calmed 6 or more times. 2
b
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58. If you start a game by 
copying or imitating a sound 
your baby makes, what does 
your baby typically do? 
a. Doesn't seem to notice the sound <1
b
  
b. Looks at you, but doesn’t make the sound. 11a 3 
c. Looks at you and makes the sound. 35 2 
d. Plays the game, making the sound several times. 54 1 
59. When your baby is 
awake and not eating, does 
your baby keep a toy or 
object in his or her mouth? 
a. Almost never 29 1 
b. Sometimes 50 2 
c. Often 17 3 
d. Almost always 4
b
 4 
60. Which of the following 
best describes the way your 
baby coordinates his or her 
eyes and hands while 
playing with a toy? 
a. Almost always looks at the toy that he or she is physically 
handling. 
81 ** 
b. Sometimes looks at the toy that he or she is physically 
handling. 
19 
c. Rarely looks at the toy that he or she is physically handling. <1
b
 
d. Almost never looks at the toy that he or she is physically 
handling. 
<1
b
 
 
Notes: 
In the original FYI scoring (top row of each item), responses to items were classified as not indicating risk. In 
the above table, responses labeled a were given one risk point, and responses labeled b were given two risk 
points 
 
Questions listed above without new scores were omitted from the new constructs for the following reasons: 
*  Unclear who initiator/responder is 
**  More indicative of general developmental level 
+  Emotional reactivity  
++  Advice from research team members 
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APPENDIX 4. CORRELATIONS OF ATTENTION CONSTRUCTS WITH FYI RISK 
DOMAINS 
 
 IAC_mean          RAC_mean       SAE_mean 
FYI Social Communication Domain  
Orienting-receptive raw score 0.41147 0.65785 0.21083 
Affective Engagement raw score 0.65272 0.50436 0.19358 
Imitation raw score 0.39022 0.64215 0.15174 
Expressive raw score 0.57553 0.49826 0.14364 
FYI Sensory-Regulatory Domain  
Sensory Processing raw score 0.13827 0.23791 0.045932 
Regulatory Patterns raw score 0.09247 0.14277 0.13889 
Reactivity raw score 0.08279 0.16430 0.13343 
Repetitive Play raw score 0.07265 0.14810 0.72183 
FYI Risk Summary  
Social-Communication risk score 
(flagged if ≥ 20.5) 
0.68402 0.77396 
 
0.24462 
Sensory-Regulatory risk score 
(flagged if ≥ 12.0) 
0.14212 0.26104 0.50272 
Overall risk score 
Average score of the 8 sub-domains 
0.53405 0.66129 0.44803 
Risk Percentile 0.49988 0.59812 0.44634 
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